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Piper the meeting of the Pacific Coast Surgi- 
cal Association in Palm Springs last year 
(which I unfortunately could not attend) I 
learned that I had been given the honor of 
being your President for this year. I want to 
tell you how much I appreciate the great honor 
you have bestowed upon me, especially when 
I realize that there are many of you who are 
much more capable and deserving of this posi- 
tion. I feel this keenly when I look at the 
illustrious list of men who have preceded me 
as President. 

Having been Secretary of this organization 
for a five-year period, I am well aware how our 
Society has grown and how, through the efforts 
of so many of you (especially the Recorder and 
the Program Committee), the scientific pro- 
grams have constantly improved through the 
years. I am very grateful to the officers and 
committees who have worked so hard and con- 
scientiously to make this another outstanding 
meeting of the Society. 

I have been wondering what I could say that 
would seem worthwhile. I do not feel old enough 
to give a philosophical sort of speech and I have 
nothing new to bring before you. Therefore, I 
have decided to talk to you about a subject 
that concerns all of us—nursing education and 
the shortage of nurses. 

We are all aware that there is a great short- 
age of nurses today in spite of the fact that 
more girls are entering nursing training than 
ever before. Why are there not enough nurses? 
Although many excellent articles have been 
written on this subject during the past few 


years, as far as I know no one has really come 
up with clear-cut answers. I want to say very 
quickly here that I do not have the answers 
either. 

Some of the reasons for the lack of nurses 
include the tremendous increase in population 
during the past ten or fifteen years, accom- 
panied by a proportionate increase in the num- 
ber of hospital admissions—from 7 million in 
1934 to 17 million in 1949. Not enough new 
nurses have been trained to keep up with this 
huge increase in population and in addition 
many graduate nurses have chosen to use their 
training in fields other than hospital or private 
duty nursing. Industry, public health organiza- 
tions and military establishments have at- 
tracted many of the new graduate nurses by 
offering them higher salaries, regular working 
hours and “fringe benefits” not available in 
many general hospitals. 

Then too, there is the cost of nursing educa- 
tion itself. The trend today, with the advent of 
Sputnik and the ever rising cost of tuition in 
privately endowed schools, is toward more and 
more government subsidization of students, 
certainly in the sciences and perhaps eventually 
in the field of medical and nursing education. 

Let me illustrate the problem with a few 
“‘case histories.” Just recently one of the out- 
standing students from our senior nursing class 
came to me and asked whether I knew of a 
doctor or organization that needed a graduate 
nurse to work in the office. I of course asked 
her why she did not take a position in her own 
hospital. She answered that her chief objection 
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was the lack of regular hours. This woman ts 
married to a member of the house staff and 
wanted to be able to prepare his dinner for him 
in the evening and to spend some time with 
him. This is another reason for the lack of 
nurses, the high rate of marriages, which after 
all is a normal process. 

When I asked a senior student from another 
nursing school why she and her classmates did 
not consider entering special duty nursing, she 
objected on the grounds that in addition to the 
irregular hours she believed it would not be 
very stimulating to take care of just one patient 
over an eight-hour period. 

Still another viewpoint is illustrated by the 
following letter, which appeared in a San 
Francisco newspaper in December of last year: 


“To the Editor, 

“Your article on the shortage of nurses was 
interesting to me because | plan to train as a 
student nurse. Some of the prospects offered 
prospective nurses are an increase in the total 
cost and no stipend during these years. 

“I have found many hospitals have doubled 
or tripled the total cost of three years of train- 
ing. Does this encourage young girls? If a 
stipend were given—it wouldn’t have to be 
large—the student nurses would at least feel 
they were getting paid for their work. The 
prospects are not good. That’s why there is a 
shortage of nurses. 


L. M., San Francisco’ 


Perhaps this girl would have been right in 
the days when student nurses were really used 
to staff a given hospital or service. Some hos- 
pitals have been criticized in the past for using 
student nurses as “‘cheap labor.” This is no 
longer true, or is it? 

Some institutions which in the past. have 
done an excellent job of training student nurses 
have had to give up their training programs 
entirely simply because of the increasingly high 
costs of running private nursing schools. In 
most nursing schools the student does not pay 
tuition or maintenance costs after completing 
the probationary period. What other educa- 
tional institution pays its students to study? 
A further discouraging factor for many of these 
private nursing schools is that few of the nurses 
they train remain to work at the parent institu- 
tion but go elsewhere. 

. Many suggestions have been made in the 


past few years in an attempt to solve the prob- 
lem of nursing education and the nursing short- 
age. Just recently, I believe, the United States 
Navy has developed a program which will sub- 
sidize a certain number of nurses in their senior 
vear after which the girls are commissioned as 
Ensigns and are obligated to spend two years 
on active duty. The students who are chosen 
will be given a monthly paycheck of $100 in 
addition to having their tuition, books, room 


_and board, and incidental expenses paid for 


them. This money, of course, comes out of our 
taxes. How can a private institution be ex- 
pected to compete with the United States 
Navy? 

In an effort to increase the supply of trained 
nurses, Dr. Mooney has suggested that large 
Veterans Administration hospitals establish 
nursing schools; others have indicated that 
perhaps we should reestablish the Cadet Nurse 
Corps that existed during World War u. Per- 
haps this would be the answer to the problem 
but personally I would dislike to see the govern- 
ment take over more and more the subsidiza- 
tion of our students. If students really want 
the training, they should realize that any good 
education costs them something in hard work, 
time and money. Since the over-all costs of 
running hospitals have increased tremendously, 
I think we have to be realistic about just how 
much the hospital or school can afford to 
give away. 

It has been suggested that perhaps we are 
over training our student nurses today. I think 
this is very questionable. Incidently, it is no 
new complaint. Back in 1919, Dr. William H. 
Welch made the following remarks: “There has 
been at times criticism on the part even of 
leaders of the medical profession as to the posi- 
tion which the nurse desires to attain. The 
catchword was at one time—one may possibly 
hear it today—that nurses were being over- 
educated. That it is possible for a nurse to 


know too much, to be too highly qualified on 


the practical, scientific and intellectual side of 
her profession is absurd.” 

All of us would agree that we would prefer 
to have the best educated nurses possible to 
help us care for our patients or to care for our- 
selves if we were ill. The increasing complexity 
of medical and surgical technics during the past 
decade has made the care of patients quite 
different and much more difficult than it was 
ten or twenty years ago, 
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Many hospitals, in an attempt to provide 
sufficient nursing care, have been forced to rely 
more and more on practical nurses, nurses’ 
aides and so forth. Just recently a question- 
naire was sent to us asking whether we were 
using practical nurses or other such personnel 
in place of graduate nurses in the operating 
room. Are you willing to have a practical nurse 
prepare the sutures and sterilize the instru- 
ments In your operating room or to be responsi- 
ble for the sutures and instruments that might 
be used on yourself? 

In 1921, Dr. Martin H. Fischer, my professor 
of physiology at the University of Cincinnati 
College of Medicine, made some comments 
about untrained nurses that are just as relevant 
today and perhaps even more so than they 
were thirty-seven years ago. In discussing the 
women who took a twelve-week course in 
substitution for the regular nurse’s training, 
Dr. Fischer said: “‘Is the untrained nurse who 
is to come to us cheap, really cheap? Even this 
‘natural,’ ‘God-given’ nurse with all the short- 
comings of her training cannot live below a 
minimum wage. And when opportunity offers, 
her moral standards are hardly such as will 
keep her from taking advantage of a critical 
situation. 

“During the influenza epidemic [of 1918] 
when the trained nurse was receiving her $25 
or $30 a week, the untrained did not hesitate 
to take $40, $50 or even $70. Let us have no 
illusions about the matter. There may be 
plenty of women willing to enter 12-week 
courses, but as soon thereafter as possible they 
will pass themselves off as skilled and trained 
nurses, and demand their wages. To call a 
woman a nurse is not to make her such.” 

Just recently I had an unfortunate experi- 
ence with one of these so-called practical 
nurses. She apparently had been given the job 
of taking the temperatures of patients three 
times a day and then recording the figures in 
their charts. One particular evening while 
making rounds in this wing I saw a patient 
who I knew was running a high fever (simply 
from his appearance and by feeling his skin). 
I asked this patient if he had had his tempera- 
ture taken recently and he answered, “No, 
not since six o’clock this morning.” (I found 
out later that when I saw him, his temperature 
was 39°C.) 

I said nothing more to the patient but went 
to the Nurses’ desk. I found that the patient’s 
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temperature was recorded in his chart as nor- 
mal, 37°c. I then became suspicious and 
checked all of the patients in that wing. None 
of them had had an afternoon or evening tem- 
perature taken. When the practical nurse was 
questioned about this she answered that all the 
patients had seemed perfectly well to her and 
since she was in a hurry to get through she had 
merely entered 37°c. on every chart. 

Needless to say she was asked not to come 
back to work. One wonders, however, if she is 
not now working at another hospital as a 
“practical nurse.” I do not believe that all of 
these women have the same high moral charac- 
ter and driving force to do the good professional 
work that our so-called over-educated nurses 
do. 

In an attempt to lighten the burden on hos- 
pitals, the junior colleges and state colleges are 
now teaching fundamental nursing sciences to 
students before sending them to hospitals for 
practical bedside and operating room training. 
To me, this plan has great possibilities although 
it Is still a little too early to see how well it will 
work. I have been told that some of these 
students have not been well received by some 
hospitals and by some nurses when they go to 
them for their later practical training. This, if 
true, is unfortunate. Perhaps one solution 
would be for the staff nurses to assume a more 
direct obligation for teaching these students 
instead of leaving it up to the faculty members 
of the nursing school. 

It seems to me that the staff nurse who is in 
direct daily contact with the patients on the 
wards is better able to teach student nurses 
practical bedside care than a supervisor or 
member of the nursing school faculty having 
very little contact with patients. 

There is no substitute for good bedside 
teaching. I think that instead of having nursing 
students spend more and more time in the 
lecture halls, they should spend more time 
being trained on the wards where they will be 
in direct contact with patients. As it is now, I 
am afraid it would be like trying to train doc- 
tors by having medical students get all of their 
basic sciences in laboratories and lecture halls 
rather than at the bedside (where they could 
see exactly what goes on when there is an 
electrolyte imbalance). 

I also feel very definitely that the medical 
profession itself should make a greater effort 
than it has in the past to help train these girls 


in good bedside nursing. When we are making 
ward rounds, much can be done by remember- 
ing that these girls are students, that they are 
eager to learn and that they respond enthusias- 
tically to a little individual attention and 
teaching. The extra time we may spend will 
pay dividends many times over. 

Perhaps the current nursing shortage may 
be corrected through the cooperation of the 
junior and state colleges, and the general hos- 
pitals where more students can be trained than 
in the university’s five-year training plan. We 


still need the university’s nursing school, how- 
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ever, since there is a lack of good instructors in 
nursing schools. 

If students really want the training, be it for 
nursing or the practice of medicine, it seems to 
me that it is up to us to find ways and means of 
getting them through school. We should see 
to it that more scholarships and loans are made 
available from industry, foundations and 
private funds, rather than calling upon the 
government to take over another segment of 
our everyday lives. 

H. GLENN BELL, M.p., 
San Francisco, California 
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Hypothermia in Thoracic and 
Thoracoabdominal Surgery 


USE OF LIGHT COOLING AS AN ADJUNCT TO ANESTHESIA IN POOR RISK 
PATIENTS 


LyMAN A. BREWER, III, M.D. AND Epwarp L. Kino, M.p., Los Angeles, California 


From the School of Medicine, Department of Surgery, 
College of Medical Evangelists, Los Angeles, California. 

HROUGHOUT the ages it has been known 
4 ee cold produces numbness and insensi- 
bility; in fact, “‘numb with cold” is a common 
expression. Thus local cooling was probably the 
first type of surgical anesthesia. As early as 
1807, Barron Larrey used ice on the battlefield 
to perform painless amputations on the soldiers 
of Napoleon’s armies [22]. This technic was 
revived prior to World War 1 [3-5] but did 
not gain general support. About this time, 
cooling of the entire body was introduced as a 
means of determing the growth of cancer [18]. 
However, it was not until 1950 that the technic 
of general lowering of the body temperature 
was used to reduce the demands for oxygen 
during anesthesia in bad risk cardiac cases [25]. 
An extensive experience has now been accumu- 
lated in experimental laboratory and operating 
room with the use of hypothermia for open 
heart and vascular occlusive operations both 
on this continent and abroad. (This was based 
on the work of McQuiston [25]. Bigelow et al. 
[8,9], Swan et al. [30], Lewis and Tauffic [23] 
and Bailey et al. [6] on this continent; Melrose 
et al. [26], Delorme [14], Laborit and Huguen- 
ard [20], and others in Europe.) 

An extensive literature is available on the 
efficacy of hypothermia for vascular occlusive 
operations and to a lesser extent on general 
surgical [2,17] and neurosurgical procedures 
[24]. However, one finds little reference to its 


use In non-cardiovascular thoracic and thoraco- 
abdominal surgery [2,17]. Because we have had 
satisfactory results with hypothermia in cardio- 
vascular occlusive operations and because there 
seemed to be a sound physiological reason for 
its use, we have employed light hypothermia in 
extremely bad risk cases needing pulmonary, 
mediastinal, and thoracoabdominal surgery. 
The terms “light,” “medium,” or “mild” 
hypothermia are used to indicate a lowering of 
the body temperature to 33° to 30°c. [14]. We 
prefer the term light hypothermia since it is 
similar to light anesthesia. Intermediate hypo- 
thermia, 30° to 25°c. and deep hypothermia, 
25° to 20°c., were not used in these cases. A 
series of 18 cases is reviewed in which the pa- 
tients were thought to be too poor risks for 
conventional normothermic anesthesia. These 
cases represented approximately 5 per cent of 
this type of case of patients operated upon by 
us during the same period. 


PHYSIOLOGICAL EFFECTS OF HYPOTHERMIA 


Intensive study has been made during the 
past decade on the physiological changes in 
hypothermia. The conduction power of the 
normal nerve is lessened [21] and pain fibers 
may be completely anesthetized by cooling 
[7,29]. Generalized cooling of the body produces 
anesthesia and unconsciousness occurs at 
30°c. [32]. Very little additional anesthetic 
agent is needed to maintain anesthesia for long 
periods of time with hypothermia because of 
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the inherent narcosis of the cold state and the 
lessened excretion and detoxication of anes- 
thetic agents [2,31,32]. The over-all toxic effect 
of these anesthetic agents is thus lessened. 

Of equal importance is the decrease in meta- 
bolic rate of all the tissues of the body, including 
the heart, central nervous system, liver and 
kidneys [8,9,19]. Thus by controlling shivering 
which increases the metabolism as the body’s 
defense against cold, there is no initial rise in 
oxygen consumption with the induction of 
hypothermia. As the metabolism decreases 
there is an almost linear decrease in oxygen 
consumption of about 5 per cent for each de- 
gree of temperature drop on the centigrade 
scale, down to 25°c. [8,9]. With the lowering of 
the body temperature from 33 to 30°c., there 
is a decrease in the oxygen needs of the body 
tissues up to 50 per cent. Furthermore, since 
the brain is intolerant to hypoxia, protection 
of the central nervous system by decrease in 
oxygen requirements (40 to 75 per cent) is 
particularly important [1]. The decrease in 
the mechanical work of the heart is reflected 
by the slowing of the pulse rate, decreased 
coronary blood flow and oxygen consumption 
[16]. In light hypothermia the dangers of 
ventricular fibrillation are not great. The 
stress reaction to major surgery appears to be 
definitely decreased [2]. The increase in corti- 
costeroid levels seen with major surgery in 
normothermic anesthesia is delayed under hy- 
pothermia and the rise is not often as high [2]. 
The patients do not appear to be shocked by 
the major operative procedure and react as if 
a more minor operation had been performed [2]. 
Sodium is apparently not retained as under 
normothermic conditions and the urinary 
output may be actually increased [27]. Massive 
hemorrhage is better tolerated under hypo- 
thermia as shown by experimental and clinical 
experience [10,27]. 


HAZARDS OF HYPOTHERMIA 


From the foregoing remarks, it is obvious 
there are sound physiological reasons for the 
use of hypothermia. Yet the surgeon must be 
aware of certain disadvantages and be pre- 
pared to handle the complications. The most 
serious hazard is ventricular fibrillation caused 
by the lowered threshold of the cold heart to 
fibrillation under the stimuli of trauma, torsion, 
epinephrine, asphyxia and acidosis [8,9]. We 
have been impressed with the difficulty of 
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defibrillation of the cold heart in our experi- 
mental laboratories. In fact, it has been gener- 
ally reported in the medical literature that only 
half the cases can be defibrillated [32]. Yet the 
occurrence of ventricular fibrillation is rare in 
non-cardiovascular cases with mild hypother- 
mia (above 30°c.). Furthermore, direct surgical 
attack on the heart or vascular occlusion, 
which have been major precipitating factors in 
initiation of ventricular fibrillation, were tech- 
nics not employed in this series of cases. It is 
true that some cardiac displacement or reflex 
stimulation of the heart could not be avoided, 
but no ventricular fibrillation occurred in our 
patients. 

As the body temperature decreases there is 
an accompanying slowing of the pulse, decrease 
in the cardiac output and fall in the arterial 
blood pressure, due in part to vasal constriction 
and increase in blood viscosity [16]. At times 
the blood pressure in the extremities may not 
be obtainable by ausculatory methods. Thus, 
if the heart and aorta are not exposed to the 
surgeon for palpation, the patient may seem 
to be in deep shock although the other signs of 
shock are not present. Therefore, when the 
thorax is not opened direct arterial pressures 
should be obtained by maintaining an inlying 
needle or catheter in a peripheral artery [77]. 
With the lowering of the blood pressure there 
is a decreased tendency to bleeding at the time 
of surgery. The stage is then set for postopera- 


‘tive hemorrhage with the return of the blood 


pressure to normal levels providing accurate 
hemostasis has not been employed. There may 
also be a specific deterrent to the clotting 
mechanism brought on by hypothermia, for it 
is found the platelets are decreased and bleeding 
and clotting times are prolonged in the circu- 
lating blood of hypothermic dogs [28]. However, 
we have not noticed any abnormal bleeding 
during operation in any of the patients in this 
series. Furthermore, in certain individuals upon 
rewarming there may be a delayed cardiovascu- 
lar collapse which is always serious and may 
prove to be a fatal complication if not ade- 
quately treated. 


INDICATIONS FOR HYPOTHERMIA 


In general, we have employed light hypo- 
thermia for bad risk patients in whom severe 
cardiovascular, pulmonary, hepatic or renal 
involvement would make the risk of surgery 
under normothermic conditions excessive. Usu- 
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36 


34 


40 


Bilateral pulmonary 
tuberculosis 


Carcinoid adenoma of 
both main bronchi 


Bronchogenic carci- 
noma 


Bronchogenic carci- 
noma 


| Bronchogenic carci- 
| noma 


Bronchogenic carci- 
noma 


| Chronic emphysema, 
| calcification of pleura 


| Bronchogenic carci- 
noma 


Carcinoma of esopha- 
gus 


| Carcinoma of esopha- 
| gus 


Benign stricture of 
esophagus 

Carcinoma of esopha- 
gus 


| Carcinoma of esopha- 
gus 


| Carcinoma of esopha- 
| gus 
| Carcinoma of esopha- 
| gus 


| Malignant teratoma 
of mediastinum 


| Teratoma of epicar- 
dium 

| Multiple fractures, 

ruptured diaphragm, 

sepsis 


TABLE I 
Indication for Hypothermia Operation Result 
Contralateral thoracoplasty, low pulmo- | Lobectomy, de- | Recovery 
nary function, maximum breathing ca-| cortication 
pacity not obtainable, vital capacity 
800 cc. 
Pulmonary fibrosis and emphysema, low | Bronchial exci- | Recovery 
pulmonary function, maximum breath-| sion, reanasto- 
ing capacity 30 L. per min., vital ca-| mosis of the 
pacity 2,000 cc. bronchi 
Bilateral pulmonary fibrosis and emphy- | Right upper lo- | Recovery 
sema, arteriosclerosis, low pulmonary | bectomy, pleural 
function, maximum breathing capacity | partition proce- 
20 L. per min. dure 
Cardiac insufficiency, obesity, pulmonary | Exploratory tho- | Recovery 
fibrosis and emphysema, maximum racotomy 
breathing capacity 35 L. per min., vital 
capacity 1,900 cc. 
Pulmonary fibrosis and emphysema, arte- | Exploratory tho- | Recovery 
riosclerosis, low pulmonary reserve, racotomy 
maximum breathing capacity 33 L. per 
min., vital capacity 2,000 cc. 
Asthma, pulmonary fibrosis and emphy- | Lobectomy Recovery 
sema, low pulmonary function, maximum 
breathing capacity 30 L. per min., vital 
capacity 2,100 cc. 
Amyloidosis, pulmonary fibrosis and em- | Decortication, Recovery 
physema, low pulmonary reserve, maxi-| excision of calci- 
mum breathing capacity 35 L. per min., | fied pleura 
vital capacity 1,900 cc. 
Previous myocardial infarct, pulmonary | Lobectomy Recovery 
fibrosis and emphysema, generalized 
arteriosclerosis, maximum breathing ca- 
pacity 25 L. per min., vital capacity 
2,000 cc. 
Arteriosclerosis, pulmonary fibrosis and | Esophagectomy | Died on 3rd 
emphysema, scoliosis, pneumonitis 
ay 
Arteriosclerotic heart disease, auricular | Esophagectomy | Died on 5th 
fibrillation, cirrhosis ofthe liver 
ay 
Arteriosclerotic heart disease, previous | Esophagectomy | Recovery 


infarct, myocardial ischemia 
Cirrhosis of the liver, generalized arterio- 
sclerosis, hypertension 


Arteriosclerotic heart disease, aortitis, 
pulmonary fibrosis and emphysema 


Generalized arteriosclerosis, pulmonary 
fibrosis and emphysema 

Arteriosclerotic heart disease, auricular 
fibrillation, pulmonary fibrosis and em- 
physema 

| Tracheal and carinal obstruction, pneu- 

| monitis and cyanosis, respiratory insuf- 


| ficiency 
| Intrapericardial tumor, possible aortic or 
myocardial dissection 
Hypoxia, fever, sepsis, multiple wounds 
and fractures, temperature 104°F., pulse 
140, respiration 40, renal lithiasis 


Esophagectomy 


Cervical and tho- 
racic explora- 
tion, gastros- 
tomy 

Esophagectomy 


Esophagectomy 


Partial esopha- 
gectomy, exci- 
sion of tumor 

Excision of tumor 


Débridement of 
wounds, splint of | 
fractures, repair, 


of diaphragm | 


Died on tst 
postoperative 
day 

Recovery 


Recovery 


Recovery 


Recovery 


Recovery 


Recovery 


y | 
le Case Age Diagnosis 
No. 
| 
ul | | 
l, | | 
| 
| 
’ | | 
| | 
T | | | 
| 
‘ | | | 
9 | | 
} | 
| 
| 
5 
y 
| 
XI | 
| 
| 
75 | 
73 
| 
| 
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ally a combination of these factors was present. 
(Table 1.) These will be considered according 
to type of surgery performed: (1) pulmonary, 


(2) esophageal, (3) mediastinal, and (4) 
miscellaneous. 
Pulmonary. In the eight patients in this 


group, lowered pulmonary function and respira- 
tory reserve were the main indications. Vital 
capacities varied from as low as 800 cc. to 
2,100 cc. and maximum breathing capacities 
were either unobtainable or decreased to 20 to 
35 per cent of normal. This was due to the 
presence of pulmonary fibrosis and emphysema 
in all cases, contralateral thoracoplasty in one 
case, previous contralateral pulmonary infec- 
tion in five cases, and obesity In two cases. 
Cardiac disease of moment was present in two 
cases and diabetes in an additional instance. 

Esopbageal. The seven patients undergoing 
esophageal surgery were in the older age group 
and showed generalized arteriosclerosis with 
abnormal electrocardiograms. Four patients 
were being treated for heart disease, two of 
whom were in chronic failure with auricular 
fibrillation and three had had previous myo- 
cardial infarctions. Pulmonary fibrosis and 
emphysema were common to all the patients. 
All but one had low serum proteins; two had 
been treated for cirrhosis of the liver. Renal 
insufficiency was a factor in three instances. The 
prolonged surgery which usually included open- 
ing of both pleural cavities and the abdomen for 
gastric replacement of the resected esophagus 
was an indication in itself, for surgery of this 
magnitude is usually not tolerated by this type 
of patient |13]. 

Mediastinal. There were only two patients 
of this type in our series; both had mediastinal 
tumors. In one patient, extensive tracheal and 
carinal compression resulted in severe dyspnea 
and cyanosis with fever and _ tachycardia 
secondary to the attendant pulmonary infec- 
tion, making surgery an emergency procedure 
necessary to relieve the tracheal obstruction. 
Reduction in fever and decrease in the oxygen 
demands of this patient were prime indications. 
In the second patient, an intrapericardial tu- 
mor was present at the base of the heart. The 
possibilities of resection of a portion of the 
aorta or myocardium which would necessitate 
inflow and outflow occlusion of the heart indi- 
cated hypothermia. 

Miscellaneous. The management of trauma 
and infection is included in this group. One case 
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is reported. This patient suffered multiple com- 
pound fractures of the extremities and a crush- 
ing wound of the thorax, with rupture of the 
left diaphragm and herniation of the abdominal 
organs into the left side of the chest. Shock, 
fever, cyanosis, tachycardia, and dyspnea were 
the main indications for hypothermia in a 
patient with chronic renal insufficiency due to 
renal lithiasis. 


TECHNIC OF COOLING 


Following the administration of anesthesia 
and endotracheal intubation, cooling was 
effected by a very simple method. The pa- 
tient was placed in a portable bath tub, on a 
stretcher, and packed with ice, the skin being 
carefully protected by a light cotton blanket 
which became wet with the melting ice. Pre- 
medication included small doses of barbiturates 
and demerol® and atropine or scopolamine. 
Sparine,® as an additive to increase the rapidity 
of cooling (similar to the so-called Lytic cock- 
tail), was used in only three cases. Although 
the cooling time was decreased by sparine, its 
use Is unnecessary. When a temperature of 35 
or 34°c. was reached, the patient was taken out 
of the tub, dried and placed upon the operating 
table. The temperature then ‘“‘drifted”’ to 
from 33 to 30°c. By placing a rubber mattress 
under the patient, through which warm or cold 
water may be circulated, a technic is available 
to raise or lower the temperature as needed. 
The temperature was monitored by a constantly 
recording rectal or esophageal thermometer. 
The electrocardiogram was followed by a con- 
stantly recording oscillograph. The bladder was 
catheterized and fluids and transfusions ad- 
ministered intravenously through a plastic tube 
placed in an arm vein. The rewarming of the 
patient was effected slowly by the use of warm 
blankets. 


OBSERVATIONS DURING SURGERY 


The most striking finding was a bright red 
oxygenation of the blood and the slow, firm 
cardiac beat despite the fact that both pleural 
cavities had been opened. A light anesthesia 
was maintained with high oxygen concentration 
by using very small amounts of ether and/or 
nitrous oxide. No more anesthesia was em- 
ployed than that commonly used for short- 
acting laparotomy. Assisted respiration was 
carried out manually or with the Jefferson type 
of respirator. The patients were hyperventi- 
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lated to minimize the acidosis. Two patients 
had initial hypertensive responses to the cooling 
(blood pressure 214/100 mm. Hg and 190/110 
mm. Hg), which were later followed by periods 
of hypotension. In the other cases the blood 
pressure was well maintained for the most part. 
The cardiac and aortic pulsations were firm 
and bounding during transient periods of “‘hy- 
pothermia” hypotension. An average of 1,800 
cc. blood transfusion was administered in these 
cases and vasopressor drugs were necessary in 
four instances during surgery. T he fact that the 
blood pressure was quite well maintained 
throughout the major portion of the operation 
resulted in demonstrable operative hemorrhage 
and permitted accurate hemostasis during sur- 
gery. Thus, postoperative hemorrhage was not 
a problem in our series. Only one patient 
showed signs of operative shock at the end of 
the surgery. The average systolic blood pres- 
sure immediately following the operation was 
100 mm. Hg. 

We observed a most disturbing cardiac reflex 
initiated by mediastinal and retrocardiac dis- 
section which has not received attention in the 
medical literature. This was characterized by 
cardiovascular collapse with fading of the pulse 
and cardiac beat and a “flattening out”’ of all 
the complexes on the electrocardiogram seen 
in all the esophageal cases and all but four of 
the other cases. Dissection had to be tempo- 
rarily abandoned. With expansion of the lungs, 
the blood pressure and pulse immediately 
returned. We tried to increase the depth of 
anesthesia, using novocain® block of the medias- 
tinal tissues and intravenous atropine to pre- 
vent this reflex. These technics were only 
partially successful and we learned that the 
only certain measure was to stop the dissection 
for a brief interval. To be sure, we have seen a 
similar cardiac reflex on mediastinal dissection 
under normothermic anesthesia but it has been 
less severe. 

The electrocardiographic findings consisted 


of prolongation of the P-R intervals, the QRS - 


complex and Q-T intervals with a lowering or 
inversion of the S-T segment and the T wave. 
Some irregular rhythm in the form of heart 
block and dropped beats (and rarely auricular 
fibrillation) was seen. Premature ventricular 
contractions, precursors of ventricular fibrilla- 
tion which are common at temperatures below 
30°c., were seen with the light hypothermia 
employed in only one case. Although there are 
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a few reports in the literature of ventricular 
fibrillation at the temperatures above 30°c. [2], 
we believe most of these cases reported are 
those in which actual cardiac or vascular occlu- 
sive surgery was performed. Our series of cases 
is too small to warrant any final conclusions 
of why the problem of ventricular tachycardia 
and ventricular fibrillation was not encount- 
ered. However, the use of light hypothermia 
and absence of direct cardiovascular procedures 
are very important factors. In three instances 
in our series, digitalization was carried out on 
the table. This poses the problem of whether 
or not prophylactic digitalization is indicated 
for certain patients with myocardial insuffi- 
ciency. This is a difficult problem because most 
cardiologists believe that digitalization is indi- 
cated only for actual cardiac failure or serious 
rhythm disturbances. 


POSTOPERATIVE COURSE AND COMPLICATIONS 


The patients were warmed up slowly with 
warm blankets. The average warming time wes 
five and a half hours until normal temperature 
was reached. No burning of the skin was en- 
countered and the patients were not too un- 
comfortable during the period of time in which 
they were awake until normal temperature was 
attained. In two patients shock developed on 
transfer to the recovery room; they responded 
promptly to vasopressor drugs and _ blood 
transfusion. The other patients were not in 
shock at the close of the procedure and did 
not appear to have undergone a long extensive 
surgery. Delayed cardiovascular collapse, com- 
ing on from the first to the third postoperative 
day, occurred in four of the seven esophageal 
patients and was fatal to one. It was not ob- 
served in the other types of cases. The esophag- 
eal patients were older, averaging sixty-eight 
years, versus fifty-two years of age for the other 
group. The surgeon must be constantly on his 
guard for this serious complication particularly 
in the elderly group. It is probably safest to 
have a plastic catheter in the vein which has 
been kept open so vasopressor drugs, blood 
transfusions and even corticoid preparations 
may be administered immediately. 

Oversedation was studiously avoided by the 
use of small doses of demerol (25 to 50 mg.), 
which may be counteracted with nalline.* 
Paraldehyde was used as a soporific. Barbitu- 
rates were not used because we have found that 
poor risk elderly patients are particularly sensi- 


tive to this group of drugs. Thus we believe 
that they have no place in the early postopera- 
tive course of the poor risk patient. Broncho- 
pulmonary infections were present in four 
patients, of whom one had a temporary trache- 
ostomy. Temporary tracheostomy is now em- 
ployed routinely for esophagectomy patients 
in whom profuse bronchial secretions are pres- 
ent prior to or during surgery, or if the patient is 
weak and debilitated. Care must be taken to 
have meticulous hemostasis when the cervical 
tracheostomy tube is inserted, for the oozing 
of blood into the trachea following surgery 
certainly negates the otherwise beneficial 
effects of constantly available tracheobronchial 
suction. It is of interest that these long periods 
of cooling did not result in more bronchopulmo- 
nary infections. The intensive use of antibiotics, 
hyperventilation with oxygen and aspiration 
during surgery, minimal sedation postopera- 
tively and attention to the tracheobronchial 
drainage were important in minimizing these 
bronchopulmonary complications. The urinary 
excretions during surgery varied from 100 to 
300 cc. On the first postoperative day, however, 
considerable variation was noted in the various 
age groups. In the patients under fifty years of 
age diuresis was profuse, up to 1800 cc. on the 
first day following surgery, while in the group 
over sixty-five years of age the urine output 
was low and varied from 500 to 600 cc. How- 
ever, the output of urine rapidly increased in 
the older patients surviving surgery in the 
ensuing postoperative days. There was no 
electrolyte problem encountered in the eso- 
phageal patients who began their oral feedings 
on the second to fourth postoperative day, 
according to our previously reported regimens 
[11,12]. Delay in wound healing and postopera- 
tive wound infection were not seen in these 
cases. 


MORTALITY 


Three patients in this group, all undergoing 
esophagectomy, did not survive the postopera- 
tive period. Two of the patients died of cerebral 
vascular complications; one, seventy-seven 
years of age had a cerebrothrombosis on the 
third postoperative day, and the other, a pa- 
tient aged 61, with preoperative chronic 
myocardial failure and auricular fibrillation, 
had a cerebral embolus on the fifth postopera- 
tive day. The third death, occurring on the 
day after surgery in a patient fifty-four years 
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old, was due to delayed cardiovascular collapse. 
The patient tolerated a long total esophagec- 
tomy and gastropharyngostomy successfully 
without operative shock when he was returned 
to his room. Fatal delayed postoperative col- 
lapse suddenly occurred on the day following 
surgery and no other cause of death was found 
at postmortem examination. This problem of 
delayed cardiovascular collapse is a serious 
threat and must be constantly kept in mind 
by the surgeon treating this bad risk type of 
patient if a reasonable mortality for this group 
of patients is to be achieved. A comparison of 
this mortality with those of other reported 
series in which no hypothermia was used is not 
valid, for our series represents a group of 
patients in whom normothermic anesthesia was 
considered to be contraindicated. Furthermore, 
although a large number of cardiovascular 
cases have been reported and a lesser number 
of general surgical cases, there are almost 
none of the type of patients reported in our 
series available in the medical literature for 
comparison. 


PLACE OF HYPOTHERMIA 


The use of hypothermia in surgery varies 
with the age groups. 

Children. There is a definite indication for 
very light hypothermia in children. We have 
used light cooling, dropping the temperature 
one to three degrees centigrade in poor risk 
children needing thoracic surgery. Improve- 
ment in the oxygenation, pulse and blood pres- 
sure of these patients makes the difference 
between a difficult anesthesia and postopera- 
tive course and one that goes along unevent- 
fully. At the present time, at the Los Angeles 
County Hospital, every child who has a thora- 
cotomy or certain other major surgical proce- 
dures is placed on a cooling mattress through 
which cold water may be circulated prior to 
the induction of the anesthesia. Temperature 
is monitored through a constantly recording 
esophageal or rectal thermometer and _ the 
electrocardiogram followed with an_ oscillo- 
scope. Surgery is delayed until the temperature 
has dropped sufficiently to ensure satisfactory 
physiological state of the patient. In over a 
hundred cases operated upon by this technic 
during the past few years there has been 
marked improvement in the tolerance of anes- 
thesia and surgical procedure with decrease in 
the postoperative complications |75]. 
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Adults. In adults up to the age of fifty-five 
or sixty-five years, hypothermia seems to be 
definitely an addition to the technic of anes- 
thesia for thoracic and _ thoracoabdominal 
surgery in the poor risk patient. Thorough 
oxygenation of the blood, decrease in the 
operative stress, lessening of the amount of 
anesthesia administered and better tolerance 
of the major surgery has been noted under 
light hypothermia. Although cardiovascular 
collapse on mediastinal dissection was a prob- 
lem and delayed postoperative shock accounted 
for the death of one patient on the day follow- 
ing surgery, the response of the patients in this 
age group has been on the whole quite satisfac- 
tory and lifesaving in a few instances. 

Elderly Patients. In the elderly group of pa- 
tients, above the age of sixty to sixty-five years, 
the employment of hypothermia presents more 
certain problems. By elderly patients we mean 
those with generalized arteriosclerosis and de- 
generative changes usually seen in the late 
sixties and seventies but sometimes appearing 
in an earlier age group. There were eight cases 
in this age group, from sixty-six to seventy- 
seven years of age. They were patients with 
marked arteriosclerosis, cardiac insufficiency, 
pulmonary fibrosis and emphysema and other 
generalized degenerative changes. Surgery was 
not tolerated as well and mediastinal cardio- 
vascular collapse reflex was more troublesome. 
Delayed postoperative shock was more fre- 
quent and the cerebrovascular complications 
were fatal in two instances. However, the 
majority of these patients completely recovered 
from what would have been prohibitive exten- 
sive surgery under normothermic anesthesia. 
We believe that these results cannot be du- 
plicated by other present day technics, so 
that further trial of this technic is definitely 
indicated. 

The final role of hypothermia in these cases 
and in other types of surgery, of course, cannot 
be foreseen at this time. It is quite likely, as 
the pump oxygenator technics for cardiac by- 
pass are perfected and the mortality for this 
type of surgery reduced, that these technics 
will replace hypothermia for cardiac and 
vascular occlusive surgery. However, the 
physiological advantages of hypothermia for 
thoracic and thoracoabdominal cases, as re- 
ported in this series, are definite and further 
application of this method should undoubtedly 
be made. In general surgical and neurosurgical 
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cases, hypothermia has definite indications as 
well. Although deep hypothermia (20 to 25°c.) 
and intermediate hypothermia (25 to 30°C.) 
are definitely dangerous, light hypothermia as 
employed in our series (30 to 33°C.), seems to 
be quite well tolerated. Thus, until better tech- 
nics are devised for the intermediate and deep 
levels of hypothermia, these levels of cooling 
should be relegated to the experimental labora- 
tory and only the higher levels reserved for 
clinical application. 

Following are the detailed reports of three 
cases. 


CASE REPORTS 


Case xv. A seventy-three year old man had 
arteriosclerotic heart disease, chronic failure and 
auricular fibrillation (which could not be reverted 
to normal rhythm before surgery), pulmonary 
fibrosis and emphysema, and generalized arterio- 
sclerosis. Squamous cell carcinoma of the thoracic 
esophagus was present. (Fig. 1A.) Esophagectomy 
and supra-aortic esophagogastrostomy were per- 
formed under hypothermia anesthesia (30°c.). 
Both pleural cavities were entered. Profuse inter- 
costal bleeding behind the aortic arch resulted in 
a period of absent blood pressure with imper- 
ceptible cardiac pulsations and flattening out of all 
complexes of the electrocardiogram; also marked 
cardiac collapse was encountered on retrocardiac 
dissection. There was no shock at the end of the 
operation. The postoperative course was unevent- 
ful. The patient swallowed normally following 
surgery. (Fig. 1B.) Six months before the esopha- 
gectomy he had had simple cholecystectomy with a 
stormy postoperative course and toxic psychosis. 
Despite severe operative hemorrhage and the dura- 
tion and magnitude of the esophagectomy with 
esophagogastrostomy, his postoperative course was 
benign and much less stormy than that following 
the simple cholecystectomy. In our previous ex- 
perience, no patient with such a poor cardiorespira- 
tory function had recovered from this amount of 
operative hemorrhage and trauma of esophagec- 
tomy under conventional normothermic anesthesia. 


Case xvu._ A thirty-four year old man had in- 
creasing dyspnea, cough, cyanosis and fever, due to 
progressive compression of trachea and carina 
from a mediastinal tumor. His condition rapidly 
deteriorated following preoperative x-ray treatment 
one week before operation. (Fig. 2A.) Because it 
was obvious that he would suffocate unless this 
obstruction was relieved he was brought to surgery 
as an emergency case, orthopneic, cyanotic, under 
constant oxygen and sitting up in a wheelchair. 
Temperature was 102°F. (39°c.), pulse 140, respira- 
tions 45. The patient was intubated and anesthesia 
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Fic. 1A. Case xv. Preoperative esophagram which dem- 
onstrates the obstruction of squamous cell carcinoma 
of thoracic esophagus. 


was administered while he was sitting in the wheel- 
chair; cooling was then commenced. Cyanosis per- 
sisted until the patient was cooled to 98.6°F. 
(37°c.). The thorax was opened when his tempera- 
ture was 33°c. and mediastinal malignant teratoma 
and a portion of the esophagus removed. At this 
temperature he tolerated anesthesia and surgery 
well. Marked improvement in his condition was 
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Fic. 2A. Case xvi. X-ray film of the chest one week 
prior to operation reveals large mediastinal mass pro- 
jecting to right of sternum. 
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Fic. 1B. Case xv. The supra-aortic gastric replacement 
of the resected esophagus is demonstrated on the post- 
operative upper gastrointestinal series. There is ade- 
quate ingress of barium to the stomach and egress to 
the duodenum. Both lungs have expanded. 


noted with release of the obstruction of trachea and 
carina. The hospital course was uneventful. Fig- 
ure 2B depicts the postoperative roentgenogram. 
The very narrow tracheal airway, fever and sec- 
ondary bronchopulmonary infection resulted in 


_ severe cyanosis and hypoxia. Hypothermia lessened 


Fic. 2B. Case xvu. The roentgenogram following sur- 
gery is within normal limits. 
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Fic. 3. Case xvi. Preoperative skeletal films show compound fractures of left femur, tibia and 
fibula, fractures of right ramus of pelvis and radius and ulna, and compressed fracture of body of 


fifth cervical vertebra. 


the demands of the body for oxygen and permitted 
excision of the tumor obstructing the trachea and a 
partial esophagectomy. We believe this patient 
would not have survived the extensive surgery 
under normothermic anesthesia. 


Case xvil. A forty year old woman suffered 
multiple open wounds of the extremities and crush- 
ing injuries to cervical spine, chest and pelvis in an 
automobile accident. Primary resuscitation was 
effected although her precarious condition per- 
mitted only superficial débridement and temporary 
splinting of fractures. Figure 3 shows compound 
fractures of the left femur, tibia and fibula, right 
rami of the pelvis, radius and ulna, and compressed 
fracture of fifth cervical vertebral body. The left 
diaphragmatic hernia with compression of the left 
lung and shift of the mediastinum to the right, and 
rib fractures are seen in Figure 4. Forty hours after 
injury her condition became critical with tempera- 
ture of 40°c. (104°F.), pulse 140, respirations 40 
and deep cyanosis. She was taken to the operating 
room. Under intratracheal anesthesia she was 
cooled to 37°c., pulse 100, respirations 24. Cyanosis 
disappeared permitting débridement of deep 
wounds and immobilization of fractures while the 
patient was still being cooled. When her tempera- 
ture reached 32°c., thoracotomy was performed. 
The stomach, spleen and intestines were returned 


Fic. 4. Preoperative x-ray film of the chest demonstrat- 
ing multiple rib fractures, left, herniation of stomach 
(and intestines) into the left side of the chest outlined 
by barium injected through Levin tube. Shift of medias- 
tinum to right. 


to the abdomen, the diaphragm repaired and the 
left lung expanded. She recovered and walked 
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Fic. 5. Postoperative roentgenograms of chest show rib fractures healed, 
lungs expanded, left diaphragm high and tented. 


almost two years after multiple orthopedic proce- 
dures. (Fig. 5.) The severe hypoxia from decreased 
breathing capacity and toxicity from beginning 
sepsis made this patient an impossible operative 
risk under standard anesthesia for the multiple 
operative procedures that were necessary. There 
is no question that hypothermia was lifesaving in 
this case. 


SUMMARY AND CONCLUSIONS 


The physiological background for the use of 
light hypothermia in poor risk thoracic and 
thoracoabdominal patients has been reviewed. 

A series of eighteen patients considered too 
poor risks for normothermic anesthesia is 
presented in which extensive thoracic and 
thoracoabdominal surgery was performed under 
light hypothermia (30 to 33°c.). These cases 
represented approximately 5 per cent of this 
type of case operated upon by us during the 
same period of time. 

The indications for hypothermia ‘in this 
series are: (1) Cardiac—previous infarction, 
auricular fibrillation, myocardial insufficiency 
and failure; (2) respiratory—low maximum 
breathing capacity and pulmonary reserve 
from various causes resulting in an actual or 
threatening hypoxic state; (3) generalized 
arteriosclerosis; (4) hepatic or renal insuffi- 
ciency; (5) trauma, and (6) infection. 

~The advantages of light hypothermia in these 
patients appear to be better oxygenation of the 


‘blood during surgery, only small amounts of 
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anesthesia needed for long operations and less 
stress of operation. 

The disadvantages are: (1) low blood pressure 
during phases of the surgery, (2) cardiac col- 
lapse on mediastinal dissection, and (3) de- 
layed postoperative shock or cardiovascular 
collapse. 

With the light hypothermia used in this 
series, no Instance of ventricular fibrillation 
was encountered. Temperatures below the 
levels used are dangerous with present day 


‘ methods and probably unnecessary. 


Children and adults tolerate light hypother- 
mia quite well. Elderly patients show more 
cardiac reflex sensitivity during operation and 
greater frequency of delayed postoperative 
shock. 

There were no deaths in the operating room. 
Three out of the eighteen patients did not sur- 
vive the postoperative period. 

The final place of light hypothermia cannot 
be stated at the present time. Because of the 
favorable results in our series of cases which 
we believe could not have been duplicated 
under normothermic anesthesia further trial is 
definitely indicted. 
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DISCUSSION 

FRANK GerBopE (San Francisco, Calif.): I be- 
lieve Dr. Brewer’s suggestion that we use hypo- 
thermia in some degree in the elderly patients who 
undergo extensive thoracic operations has some 
merit. My justification for discussing this does not 
come from any knowledge at all of dealing with 
this age group for I have never operated upon an 
elderly person and. purposely lowered his body 
temperature with any benefit in mind. However, I 
can speak of the theoretical aspects and | will say 
that from this point of view there is justification in 
using moderate hypothermia in the way he has. 

First, it does lower the metabolic requirement 
and second, it does lessen the necessity for deep 
anesthesia. There is ample proof now to show that 
the metabolic response to an operative procedure 
is lessened to a certain degree by reducing body 
temperature a certain amount. Sometimes we in- 
advertently produce hypothermia or hyperthermia 
without knowing it. Perhaps before we fully take a 
position on this we should measure the tempera- 
tures of a great many patients who undergo pro- 
longed operations for I believe we will find that 
many of them are hyperthermic after being buried 
under thick drapes for many hours. Some children 


5 
6 
e 
q 
r 
Is 
yn 
Ly 
re 
d 
yt 
1e 5 
16 
h 
IS 
Is 
C- 
|| 


= 


Brewer and King 


will become hypothermic during operations of 
even two or three hours’ duration. 

Our own experience in using slight hypothermia 
is contained in a group of approximately forty in- 
fants and children, and a few adult patients with 
coarctation, in whom we have reduced body tem- 
peratures to about 32 degrees. Our impression is 
that the metabolic response is certainly decreased, 
particularly in the small infant, and I believe from 
the anesthetic point of view, particularly in operat- 
ing upon an infant with heart failure and coarcta- 
tion or patent ductus, or a combination of the two, 
that the anesthesia is easier to control and the 
course is smoother. 

Dr. Brewer’s warning about keeping the tem- 
perature at 32°, or at least not lower than 30°, is 
fully justified; this is particularly true in the small 
infants who may suddenly lose all of their control 
of temperature regulation and have a sudden 
severe fall to dangerous levels. 

I believe Dr. Brewer’s suggestion should be tried, 
but I believe again that we will find great difficulty 
in knowing exactly where we are with it, because 
it is something which we cannot measure exactly. 
However, my impression is good. 

Jack M. Farris (Los Angeles, Calif.): I have 
enjoyed Dr. Brewer’s excellent presentation of this 
provocative and stimulating subject. I am sure that 
this is a most important contribution to the man- 
agement of certain poor risk patients and it has 
occurred to me that another appropriate title for 
the paper might have been “‘A Changing Concept 
of Operability in the Poor Risk Patient.” Although 
cooling as an adjunct to the management of the 
cardiac surgical patient has been well appreciated 
and documented for almost a decade, there has 
been a lesser understanding or appreciation of this 
technic in the management of general surgical 
problems. 

Approximately two years ago we were con- 
fronted with a neglected case of strangulation ob- 
struction with obvious perforation and generalized 
peritonitis in a young girl following delivery. The 
presence of the obstruction associated with an 
adhesive band was overlooked because of the con- 
current pain occurring during labor. When we saw 
her she was irrational, semicomatose and her 
general condition was indeed critical. Her tempera- 
ture was 104.5°F and the pulse was 130. 

Operation was undertaken reluctantly as a 
desperate and heroic measure and an attempt to 
gently disengage and exteriorize the strangulated 
loop of small intestine which was black and parch- 
ment-like resulted in literal disintegration of the 
loop with a massive intraperitoneal innoculation of 
foul smelling liquid fecal content. The loop was 
removed, anastomosis accomplished and the peri- 
toneal cavity lavaged. At this point the anesthetist 
reported that in his estimation the patient was 
dying. Pulse and blood pressure were imperceptible, 
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the pupils were dilated and there were diffuse 
fibrillary muscle twitchings. Her tissues felt ex- 
ceedingly warm to the touch. 

Accordingly, generous amounts of cracked ice 
were rushed from the diet kitchen into the operat- 
ing room and the patient was entirely packed in 
ice from her toes to her neck, wet sheets were ap- 
plied and a large electric fan directed over the 
patient thus submerged. After approximately 
thirty minutes of this type of cooling a thermom- 
eter was inserted into the rectum and a temperature 
of 107.5°F. recorded. At this point there was obvious 
improvement in her general condition and the 
pulse could now be counted. From this time on the 
pulse rate dramatically dropped in decrements of 
about fifteen beats for every fifteen minutes so that 
at the end of one hour the pulse was strong and in 
the neighborhood of 100 with corresponding drops 
in temperature. She was ultimately returned to her 
room with a pulse rate of 88 and the hypothermia 
was continued for a total of about four hours with 
a low temperature of 94°F. 

Approximately seven hours afterwards the pa- 
tient was awake and alert and appeared to be in 
excellent condition. 

The imperceptible pulse and blood pressure were 
undoubtedly an accompaniment of the high fever 
and tachycardia with reduction of stroke volume 
and cardiac output which in the past have been 
regarded as criteria for inoperability in the criti- 
cally ill and septic patient. 

Following this satisfactory application of post- 
operative cooling we believe that hypothermic 
technic should be included in the armamentarium 
of all general surgeons for the management of the 
occasional critically ill patient. During the past two 
years Dr. Gordon Smith and I have employed 
hypothermic technics in various types of general 
surgery, in emergency portacaval anastomoses 
with recovery in two out of three desperately ill 
patients; we have operated upon a patient with 
chronic ulcerative colitis with perforation and 
sepsis. In this rather desperate case, the patient 
weighing 80 pounds with daily chills and fever 
underwent total colectomy, proctectomy, and 
ileostomy under hypothermia with no difficulty. It 
has also been successfully used in a case of neg- 
lected peritonitis of traumatic origin with ruptured 
viscera again in which tachycardia and a board- 
like abdomen normally would make me believe 
that the patient might be better managed con- 
servatively; however, with preoperative cooling the 
patient’s pulse rate was brought down from 160 to 
a level of 70 at which it remained throughout 
splenectomy and partial pancreatectomy. An 
elderly man with severe emphysema, respiratory 
acidosis, and uremia was also successfully man- 
aged utilizing this technic for the release of intes- 
tinal obstruction following combined abdominal 
perineal resection for cancer of the rectum. 


tt 

‘ 

| 


Finally, I would like to comment on the urinary 
output in these individuals. For example, the young 
girl with the intestinal obstruction and the tempera- 
ture of 107°F. excreted an-excess of 1,000 ml. of urine 
in the first seven hours following operation. This, 
of course, is contrary to our concept of the stress 
response to corticosteroid stimulation. Numerous 
other critically ill patients have also put out from 
1,500 to 2,000 ml. of urine in the first twenty-four 
hours. This has suggested to us that hypothermia 
not only lowers the metabolism of the brain, the 
liver, and kidneys, but also the metabolic output 
of the adrenal gland thereby nullifying the usual 
stress reaction accompanying trauma of major 
surgical operations. The troublesome delayed 
shock that Dr. Brewer has described may well be 
due to an awakening of the adrenal and the accom- 
panying corticoid response forty-eight or seventy- 
two hours after operation. This delayed reaction 
may be accompanied by the usual sequelae occur- 
ring in the first twenty-four hours and may require 
similar management. 

Regardless of the ultimate role of hypothermic 
technics in the management of cardiac patients, 
I believe that they will always be a valuable addi- 
tion to the armamentarium of the general surgeon 
and there should undoubtedly be more dissemina- 
tion of information regarding the application of 
these technics. 

Lester R. Cuauncey (Portland, Ore.): Each 
time Dr. Brewer presents a paper before the 
Pacific Coast Surgical Association he gives such 
an interesting presentation that we are enriched 
and enlightened. 

In regard to hypothermia, we must base our 
remarks on a relatively small clinical experience, as 
we began its use only six months ago. Our series at 
present is that of fifteen patients; in only one in- 
stance was any trouble encountered. Possibly one 
of the reasons that there has been so little trouble 
is the slowness with which the temperature is 
dropped. The anesthetist arrives at the hospital 
about 5 A.M. and puts the patient to sleep. The 
temperature is gradually dropped, and about 8 a.m. 
the proper level has been reached. 

The unit we use is a standard commercial unit 
which is certainly not messy to work with. Whether 
it is as efficient as Dr. Brewer’s use of melting ice, 
I do not know; perhaps he will discuss this later. 

The type of apparatus which we use is the 
Therm-o-Rite Hypothermia Blanket Equipment.* 
An intratracheal tube is inserted between the 
patient’s teeth while she is asleep. 

In the “‘operating position” the upper blanket 
is removed and fluid, either warming or cooling, is 
circulated in the lower blanket. 

The temperature ranges are between 86°F. and 
84.5°F. (or about 30°c.). The only trouble we have 
had was in the case of one patient who underwent 


* Dr. Chauncey illustrated his discussion with slides. 
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a relatively long neurosurgical procedure in which 
hypotensive anesthesia was used. Evidently oxy- 
genation was inadequate, a tear in the pleura hav- 
ing occurred. Ventricular fibrillation developed 
which did not respond to the resuscitative meas- 
ures. This is the only untoward event encountered. 
Otherwise, we have been particularly pleased with 
this type of anesthesia. 

We soon came to realize the importance of the 
fact that pressor substances would not be efficient 
if the CO, content of the plasma was low. This fell, 
in one instance, to the level of 13 mEq.; relatively 
profound shock was present which did not respond 
until intravenous molar lactate was given. Since 
that time, we have routinely given 50 mEq. of 
molar lactate at the conclusion of the operation. 

I would like to make one other comment, that 
regarding the problem of massive infection. Dr. 
Melvin Reeves studied this problem during his 
postgraduate training at the University of Minne- 
sota, and is reporting the results of that study to 
the Society of University Surgeons next week. 

This study embraced a group of twenty-six pa- 
tients, all of whom were seriously ill, actually 
dying from massive infections. In each case the 
clinician had concluded that the prognosis was 
hopeless and that all antibiotic and steroid therapy 
had failed. Each patient met the following criteria: 
a temperature of 104°F. or over, pulse rate of 120 or 
over, and a respiratory rate over 24. Every other 
patient in the series was treated by induced hypo- 
thermia, using the previously cited apparatus. All 
patients not treated by hypothermia promptly died. 
In the group of thirteen patients who were treated, 
eight showed a relatively marked but unfortunately 
temporary improvement, and these too died. In 
two patients there was no effect; however three 
patients not only demonstrated temporary relief 
but survived and recovered completely. So, of the 
whole group of twenty-six patients, the only three 
who survived were those treated by hypothermia 
giving us, perhaps, an index of the efficiency of this 
method in treatment of massive infection. 

Once again, I would like to thank Dr. Brewer 
very much. 

Joun Raar (Portland, Ore.): We have used 
hypothermia blankets at the Good Samaritan Hos- 
pital for the past two months and have operated 
upon eight neurosurgical patients under hypo- 
thermia. The group of cases has included patients 
with brain tumors and aneurysms. 

It seems to us that hypothermia causes a relaxa- 
tion of the brain so that we have better access to 
tumors, particularly in the hypophyseal area. In 
the one patient with whom we had difficulty 
ventricular fibrillation developed at the close of an 
operation for clipping of an aneurysm. During the 
operation we were pleased at the ease of access to 
the aneurysm which was situated at the junction 
of the posterior communicating and the internal 
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carotid arteries. The temperature in this patient 
was reduced to 84°r. during the operation. She 
was doing very well until we turned her on the 
table after the termination of the procedure and 
at that time ventricular fibrillation started. At- 
tempts at defibrillation failed and cardiac standstill 
ensued. We had already started to warm the pa- 
tient when fibrillation started. Cardiac massage 
was continued and in about two hours, when the 
temperature had risen to 93°F. contractions of the 
heart began again but finally all cardiac activity 
failed. 

Botterell et al., in a recent article in the Journal 
of Neurosurgery reported that hypothermic anes- 
thesia had been employed in eighty-eight cases of 
cerebrovascular problems. In two of the patients in 
this series ventricular fibrillation developed; one 
patient died but the other recovered. Among 
sixty-eight patients in Botterell’s series studied by 
the Smith-Stone cardiograph, the following dys- 
rhythmias occurred: wandering pacemaker, twelve 
cases; auricular fibrillation, one case; auricular 
flutter and frequent ventricular extrasystoles, one 
case. Sinus arrhythmia was fairly common. 

It seems to me that hypothermia is a great aid in 
the handling of our surgical patients but | believe 
we must devise better methods of following the 
patient’s condition, particularly from the anes- 
thesiologist’s standpoint. 

Lyman A. Brewer (closing): I wish to thank all 
of the discussers. 

I think the remarks of Dr. Gerbode were very 
important, for the problems of anesthesia in 


children are difficult. There is no question that a 
child who is put to sleep should have his tempera- 
ture recorded. There are still cases of simple hernia 
and other commonly performed operations in which 
patients are dying from hyperpyrexia, from ether 
and other causes. These deaths can be prevented 
with monitoring and control of the temperature 
during operation. 

Dr. Farris’ suggestion of the postoperative use 
of hypothermia is a new approach to this problem. 
Since his technics are not found in the literature, 
they should be reported. 

Dr. Chauncey has presented a beautiful cooling 
apparatus. We have not employed this method but 
we believe that wet cold is more efficient than the 
dry type. In the technic we have reported, the ice 
melts a little, forming a fluid contact through the 
thin cotton blanket placed next to the skin. The 
chilling is really quite rapid. Adults average from 
one-half to one hour. Children average twenty to 
thirty minutes. There is no great inconvenience 
in the simple method we have reported. 

Dr. Raaf’s remarks, I think, were well taken. 
In the text I think our recommendation will be 
found that if the thorax is not open, one should 
have some sort of a direct recording blood pressure 
device in a peripheral artery, because otherwise 
the exact blood pressure is never known. It should 
be stressed that temperatures below 30°c. are 
dangerous and probably unnecessary. Yet the 
advantages of light hypothermia as we have re- 
ported are definite, providing the proper indica- 
tions and precautions are employed. 
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Clinical Experience with Cardiac Arrest 


Louis G. Brizzocara, M.D., Berkeley, California, AnD Henry L. SILvAnt, M.D., San Francisco, 
California 


IFTEEN cases of cardiac arrest occurred in 
F the operating rooms of the San Francisco 
Veterans Administration Hospital during the 
eleven and a half-year period from July 1, 1946 
to December 31, 1957. During this time 35,386 
operations were performed, making the in- 
cidence of cardiac arrest approximately one in 
2,359 operations performed. The clinical fea- 
tures of these fifteen cases of cardiac arrest are 
summarized in this paper. 

The procedure used for cardiac resuscitation 
follows the steps that have become standard 
throughout the country. Open thoracotomy 
through the fourth or fifth interspace was per- 
formed in all cases, except Case 1. (Table 1.) 
In this instance intermittent cardiac compres- 
sion was administered from the subdiaphrag- 
matic approach. In all of the cases adequate 
circulation of oxygenated blood is first secured 
by intubation and insufflation of the lungs with 
100 per cent oxygen and institution of intermit- 
tent cardiac compression. This is done as soon 
as possible, preferably within three to five min- 
utes after recognition of the arrest. Only after 
satisfactory circulation has been established is 
any attempt made to restore the heart beat. 
When first observed, the heart may be beating 
feebly, it may be in asystole or it may be in 
fibrillation. In some instances with feeble 
cardiac action, normal rhythm may return 
after adequate oxygenation but in cases of 
asystole and fibrillation more vigorous action 
is needed. 

In asystole, intermittent cardiac compression 
is carried out for a few minutes at first without 
drugs. If normal rhythm does not occur, 1 to 
3 cc. of 1:10,000 epinephrine is injected into 
the heart. Intermittent cardiac compression is 
continued until regular rhythm is restored or 
until it is believed that further effort at resusci- 
tation is not warranted. The administration of 
epinephrine may be repeated if the first dose is 


ineffective. Calcium chloride has also been used 
if the epinephrine does not accomplish the 
desired result. The dosage is 1 to 3 cc. of 10 per 
cent solution diluted up to 10 cc. After regular 
rhythm has been established and maintained it 
may be necessary to give vasopressor drugs to 
maintain blood pressure or to give transfusions 
of whole blood. The circulating blood volume 
must be kept adequate and well oxygenated. 
Atropine, digitalis, quinidine and pronestyl® 
all have their specific indication but are not 
needed in the usual case of asystole that re- 
sponds satisfactorily. The patient is kept in 
surgery for at least a half hour after the thora- 
cotomy incision is closed and is watched care- 
fully for stabilization of his vital signs. In some 
cases the patient has been kept in surgery for 
several hours. The patient is watched by the 
surgeons and cardiologists on return to the 
ward where he is observed for evidence of 
cardiovascular, urinary and central nervous 
system difficulties. 

In ventricular fibrillation intermittent car- 
diac compression is continued. The objective 
in the treatment of fibrillation is to convert the 
fibrillation to an asystole and the asystole to a 
normal rhythm. In some instances the fibrilla- 
tion reverts to a normal rhythm without going 
through the asystole phase but this is the 
unusual. In other instances also, fibrillation 
reverts to a normal rhythm with intermittent 
cardiac compression alone and without the use 
of a defibrillator. This is also unusual. In the 
usual situation intermittent cardiac compres- 
sion is continued, 5 to 10 cc. of 1 per cent pro- 
caine solution is injected into the heart and 
then a defibrillator is used to produce asystole. 
After asystole is produced, it is managed as 
indicated previously, I.e., 1 to 3 cc. of 1: 10,000 
solution of epinephrine is injected intracardially 
and intermittent cardiac compression is con- 
tinued. In some patients several electric coun- 
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Clinical Experience with Cardiac Arrest 


tershocks are needed to stop the fibrillation. In 
some instances the fibrillation cannot be broken. 
Potassium chloride may be tried as an agent 
to convert fibrillation to asystole if the de- 
fibrillator fails. 

The ages of the patients studied varied from 
twenty-six to seventy-five years. All but one 
were men. 

Of the fifteen patients, eleven were in good 
general health aside from the disease requiring 
surgery. Of the remaining patients, one 
had chronic alcoholism, one was markedly 
obese, one had diabetes and tuberculosis and 
one had severe coronary artery disease. These 
four patients did not survive the cardiac arrest. 

Thirteen of the operations were of a major 
nature while two were considered of a minor 
type. 

Five of the patients had heart disease known 
to be present prior to the cardiac arrest. Three 
of them had rheumatic heart disease, two of 
whom were to have valvulotomy for severe 
mitral stenosis. The remaining two patients 
with heart disease had histories of old myo- 
cardial infarcts; one also had severe coronary 
artery disease. Four of the five patients with 
known heart disease did not survive the cardiac 
arrest. The one who did survive (Case vu) 
was a thirty-three year old man who was in 
good general health aside from his rheumatic 
heart disease and mitral stenosis. 

Standard preoperative medications were 
given to all patients prior to induction of anes- 
thesia. Most often the medication included a 
barbiturate, an opiate and a parasympathetic 
inhibitor (atropine or scopolamine). These 
medications were given on the ward to all pa- 
tients but one who received his medication in 
surgery. Adequate time for therapeutic action 
had elapsed. No relationship between the type 
and time of administration of preoperative 
medications and the occurrence of cardiac 
arrest could be observed. 

Eleven of the patients had general anes- 
thesia. One had local cocaine and procaine for a 
nasal plastic operation. One had a spinal anes- 
thesia with pontocaine.’ One had a caudal 
anesthesia with xylocaine. One had a continu- 
ous spinal anesthesia with procaine but this 
was ineffective and general anesthesia was in- 
stituted. Of the twelve general anesthetics 
given, ten were nitrous oxide, one was ether 
and one was a combination of cyclopropane and 
ether. Induction was carried out with pento- 
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thal® and curare or anectine® (succinylcholine). 
Demerol® (meperidine) was used in some pa- 
tients in the course of the anesthesia. No 
correlation was noted between the amount or 
type of general anesthesia used and the occur- 
rence of the cardiac arrest. Both the patient 
who had the local anesthesia to the nose (Case 
v1), and the patient who had the caudal anes- 
thesia (Case x11), had sensitivity reactions to 
the drugs used with resultant convulsions and 
cyanosis prior to the arrest. This undoubtedly 
contributed to the arrest. The patient who re- 
ceived cyclopropane and ether (Case 1) was 
an acute alcoholic with convulsions and hallu- 
cinations. The convulsions continued during the 
induction and arrest occurred shortly after the 
administration of a dose of curare subsequent 
to which the patient became cyanotic. One 
patient (Case vit) remained cyanotic after 
valvulotomy had been accomplished and ulti- 
mately suffered a cardiac arrest. 

The time that elapsed from initiation of the 
anesthesia until cardiac arrest was recognized, 
varied from almost immediately in the case of 
the local nasal anesthesia (Case vi) to four 
hours in Case vu. The onset of cardiac arrest 
was noted in eleven instances by the anes- 
thesiologists, in three instances by the operat- 
ing surgeons and on one occasion by an observer 
in the operating room (Case x11). 

From Table 1 can be seen what was transpir- 
ing immediately prior to the cardiac arrest. It 
is interesting to note that in four patients some 
form of tracheal manipulation was in progress, 
in four patients there was cyanosis, in one pa- 
tient there was recent loss of blood, in one 
patient the mitral valve was being dilated, and 
in one patient dissection was being carried out 
about the stem bronchus of the right lung. All 
of these activities either directly or indirectly 
contributed to the occurrence of hypoxia which 
could be a significant factor in the initiation 
of the cardiac arrest. 

The time interval from recognition of the 
arrest until Intermittent cardiac compression 
was started varied from practically zero (on 
patients undergoing thoracotomy) to eight 
minutes. The times indicated in Tables 1 are 
obviously estimates, as in some of the cases 
arrest may have been present before it was 
recognized clinically. This is an unfortunate 
factor that must always be kept in mind and 
can only be reduced to a minimum by constant 
vigilance by the operating room team. 
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Thoracotomy was performed in fourteen of 
the fifteen cases. In Case 1, subdiaphragmatic 
intermittent cardiac compression was used. It 
is now the policy to use direct thoracotomy 
through the fourth or fifth interspace in all 
cases in which the left side of the chest is not 
open at the onset of the arrest. 

When the hearts were first observed, five 
were in asystole, eight were beating weakly 
and two were in ventricular fibrillation. The 
responses to immediate resuscitative measures 
were as follows: 

(1) Of the five hearts that were in asystole, 
one responded to intermittent cardiac compres- 
sion with resumption of a normal rhythm, one 
failed to respond after two hours of intermittent 
cardiac compression and remained flaccid, and 
three started to fibrillate after start of inter- 
mittent cardiac compression. All three were 
successfully defibrillated with institution of 
normal rhythm. (2) Of the eight hearts that 
were beating weakly, five resumed normal 
forceful rhythm; three of these had intermit- 
tent cardiac compression and two did not since 
a forceful beat returned promptly after the 
heart was squeezed but a few times. Two 
started to fibrillate; of these one responded to 
the defibrillator and normal rhythm ensued, 
while the other could not be defibrillated de- 
spite eight countershocks. One went into asys- 
tole and then resumed normal rhythm after 
intermittent cardiac compression. (3) Of the 
two hearts that were fibrillating, one was suc- 
cessfully defibrillated and normal rhythm 
ensued, and one could not be defibrillated 
despite eight countershocks. 

The duration of the intermittent cardiac 
compression (Table 1) was as long as three 
hours in one instance. No rules can be made as 
to how long one should persist with the inter- 
mittent cardiac compression if the heart re- 
mains flaccid despite the usual medications. 
Each case must be individualized. Obviously 
one continues if there is any hope of restoring 
the rhythm. As can be seen from the table, the 
patients requiring short or no periods of inter- 
mittent cardiac compression are the ones who 
are living and well. None of the patients who 
had long periods of intermittent cardiac com- 
pression survived to be normal. In two cases 
(Case v and Case x1) lacerations of the heart 
due to too vigorous or improper compression 
occurred. These were repaired. Both of these 
patients died in surgery. It was found that with 
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properly executed intermittent cardiac com- 
pression the rate could be kept at about 60 to 
80 per minute, a pulse was palpable in the 
carotid and radial arteries and peripheral pres- 
sure could be maintained at approximately 
100 to 120 mm. Hg. One can tell if adequate 
circulation of oxygenated blood is reaching the 
myocardium for the cyanotic heart will take 
on a normal red color after a few compressions. 
In order to maintain this intermittent cardiac 
compression for any length of time it is neces- 
sary to change operators quite often as the 
hand and arm muscles tire rapidly. This change 
can be made without difficulty. The use of the 
one-hand method of intermittent cardiac com- 
pression was found to be most effective and 
adaptable. Lacerations and contusions of the 
heart should not occur if proper compression is 
used. One must avoid applying too much force 
and pressing the thumb into the heart. A 
squeezing action should be used, exerting force 
with the thenar eminence against the rest of 
the palm of the hand and the fingers. An ade- 
quate and promptly initiated relaxation phase 
should always be present to allow for the filling 
(diastolic) phase of the heart. 

The usual drugs were used in the course of the 
resuscitation of these patients’ hearts. Three of 
the patients did not require any intracardial 
medications as the rhythm promptly returned 
after thoracotomy and the initiation of inter- 
mittent cardiac compression. Blood was given 
if the patient’s effective circulating blood vol- 
ume was thought to be insufficient. In some of 
the patients a large number of drugs were used, 
seemingly without any effect. In general, these 
were the patients who were fibrillating, had 
fibrillated, or had a long period of intermittent 
cardiac compression. 

The electric countershock (defibrillator) was 
not required in nine of the fifteen cases. Six 
patients required electric countershock. One 
patient (Case tv) was defibrillated by the use 
of the 11o-volt alternating current taken 
directly from the wall outlet in the operating 
room. This is not to be recommended but can 
be used as an emergency method. This case 
occurred prior to the acquisition of our present 
defibrillator which is a standard model with 
variable voltage and shock-time interval. Of 
the five patients in which the defibrillator was 
used, three were defibrillated successfully and 
two could not be defibrillated even after eight 
separate countershocks. 
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Clinical Experience with Cardiac Arrest 


Of the fifteen patients, five died in surgery 
and ten survived the cardiac arrest. Of the ten 
who survived the arrest, five died in the post- 
arrest period and five patients left the hospital 
living and well and normal in all respects. In 
other words, five or 33 per cent of all the cardiac 
arrest patients lived and were normal. 

Autopsies were performed on all but one of 
the ten patients who ultimately died. Of the 
nine autopsies, six patients were found to have 
significant heart disease. This included the four 
patients who were known to have heart disease 
prior to surgery, one patient (Case Iv), a 
twenty-six year old man who was found to 
have coronary arteriosclerosis, and one patient 
(Case v), a sixty-five year old man who was 
found to have arteriosclerotic heart disease. 
Three of the patients showed evidence of brain 
damage. One patient had pulmonary edema. 

It is Interesting to note that in Case vi the 
anterior descending coronary artery was tran- 
sected by the knife about 314 cm. from the 
apex of the heart on the initial thoracotomy 
incision. This artery was ligated and subse- 
quently the case treated as a coronary occlu- 
sion. The patient’s course was uneventful. The 
electrocardiogram showed a definite myo- 
cardial infarction. The patient recovered com- 
pletely. Also of interest are Cases x1 and xiv. 
Both patients made an excellent and complete 
recovery from cardiac arrest but subsequently 
expired on postoperative days seven and ten, 
respectively, of acute coronary occlusions. 

Of the five patients who had hearts in asys- 
tole at initial observation, one is living and 
well, 

Of the eight patients whose hearts were 
beating weakly on initial observation, three are 
living and well. 

Of the two patients who had hearts in fibrilla- 
tion on initial observation, one is living and 
well. 


SUMMARY 


Fifteen cases of cardiac arrest occurred in 
the operating rooms of the San Francisco 
Veterans Administration Hospital during the 
eleven and a half-year period, July 1, 1946 to 
December 31, 1957. Of these, five patients are 
living and well and normal in all respects, a 
33 per cent normal survival; five patients sur- 
vived the cardiac arrest but expired in the 
postarrest period at intervals of eighteen hours, 
twenty-two hours, seven days, ten days, and 
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nine months, respectively; and five patients 
died in the operating room. 

Seven of the fifteen patients had evidence of 
heart disease, either prior to surgery or at sub- 
sequent postmortem examination. Of these 
seven, only one survived the arrest and is living 
and well. 

Ten of the fifteen patients had either definite 
cyanosis or probable hypoxia just prior to the 
onset of the cardiac arrest. 

The patients who had the shortest periods of 
intermittent cardiac compression are the ones 
who are living and well. 

It was necessary to use electrical defibrilla- 
tion in six of the fifteen patients to establish a 
normal rhythm. None of these patients sur- 
vived to be normal. 


CONCLUSIONS 


Cardiac arrest must be constantly kept in 
mind by all personnel of the operating room 
suites. A definite plan of action to follow in 
event of an arrest must be known to all so that 
it can be carried out automatically. 

Hypoxia should be avoided during induction 
and maintenance of anesthesia. It is one of the 
important factors predisposing to cardiac 
arrest. 

The incidence of cardiac arrest is much higher 
in patients with heart disease. Hence an ex- 
tremely close watch must be maintained over 
such patients undergoing anesthesia. 


DISCUSSION 


H. Bropiet StepHens (San Francisco, Calif.): 
Dr. Brizzolara and Dr. Silvani are to be con- 
gratulated on their careful study of the cases of 
cardiac arrest which have occurred in the operating 
room at the San Francisco Veterans Administration 
Hospital during an eleven and a half-year period. 

Cardiac arrest represents one of the few subjects 
in surgery in which most authors are not inclined 
to rush to the platform to inform the audience of 
their last “‘one-hundred cases”! Drs. Brizzolara 
and Silvani have presented a detailed analysis of 
the operating room experience in this serious 
complication. 

The incidence of cardiac arrest at the San Fran- 
cisco Veterans Administration Hospital, namely 
one in 2,359 operations, compares favorably with 
the Massachusetts General Hospital figure of one 
in 1,038 operations; this latter figure was collected 
over the ten-year period from 1945 to 1955. 

Critically analyzing the fifteen cases of cardiac 
arrest, Drs. Brizzolara and Silvani have presented 
several pertinent findings: (1) Four of the fifteen 
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patients were in poor physical status. (2) Seven 
of the fifteen had heart disease. (3) Ten of the 
fifteen probably were in a state of hypoxia just 
prior to the onset of fibrillation; and (4) delay in 
performance of thoracotomy or improper monitor- 
ing occurred in three patients. 


The fact that cardiac arrest is the major cause of 


operating room deaths and since there has been 
an apparent increase in the incidence of this 
emergency in recent years, renders this paper 
particularly timely. The authors’ experiences re- 
affirms the opinion of others, to wit, cardiac arrest 
is more common in old patients, in poor risk pa- 
tients, and in patients with heart disease. Addi- 
tional contributing factors are deepending anes- 
thesia, hypoxia, reflex phenomena, and in proper 
choice or management of anesthesia. Drs. Brizzo- 
lara and Silvani have achieved a 33 per cent normal 
survival from this serious complication and have 
demonstrated by their careful study that in at least 
three additional cases, the normal survival could 
probably have been accomplished had there been 
less delay in exposing the arrested heart. 

Henry N. Harkins (Seattle, Wash.): The fact 
that Dr. Brewer’s and Dr. Brizzolara’s papers fol- 
lowed each other may be both fortuitous and 
fortunate. The question just arose in my mind as 
to whether anybody has studied cases like the two 
Dr. Brizzolara cited, in which two or three hours 
of massaging the heart does not work, as to whether 
the body temperature has been determined. Pos- 
sibly such patients are in such hypothermia that a 
little warming might do them good. 

I would like Dr. Brizzolara to understand, if he 
has not studied this that this is not a criticism at 
all because actually until I was inspired by his 
excellent presentation, I had never thought of it 
before myself. 

Benson B. Roe (San Francisco, Calif.): I too 
should like to congratulate Dr. Brizzolara on a 
very thorough and comprehensive review of a 
difficult problem with which we are all familiar. 

Our own interest in this problem, in the embar- 
rassment that we necessarily cause to the heart in 
doing cardiac and open heart surgery has caused 
us to become all the more aware of the importance 
of knowing what is going on; I am sure most of us 
who are doing this work are impressed with how 
abysmally ignorant we are of cardiac function 
during surgery. I think that the points which were 
brought out by Dr. Brizzolara also underline that 
emphasized by Dr. Brewer, that we must monitor 
more thoroughly and more extensively. 

It became my chore to face this controversial 
problem, to revise the San Francisco Heart Associa- 
tion’s poster (available to anyone who wishes it for 
operating room posting) that reviews this problem 
in general and does not conflict directly with 
Dr. Brizzolara’s statement except to emphasize 


Brizzolara and Silvani 


again the importance of monitoring; we would like 
to be able to say every operating room should have 
an oscilloscope and possibly means of intra-arterial 
pressure monitoring on every patient, impractical 
and expensive though this may be. 

I will not go over the details of this chart with 
which many of you are familiar; I present it only to 
indicate that it is available and that down in very 
small print at the bottom it says that the recom- 
mended procedures and dosages are the suggestions 
of the committee rather than having any medico- 
legal implication. 

I think one point that Dr. Brizzolara did empha- 
size which perhaps needs further emphasis, is the 
importance of myocardial oxygenation before at- 
tempting defibrillation. Too frequently the heart 
is “fried” before it has a chance to restore its func- 
tion with adequate myocardial oxygen, which is 
necessary; no matter how long it takes in prolonged 
massage or compression, this time should be taken. 

CLARENCE J. BERNE (Los Angeles, Calif.): I, 
like the other discussers before me, would like to 
indicate my appreciation for the excellent presenta- 
tion that has been given to this subject. 

About three years ago, at the Yosemite meeting, 
Dr. Mikkelsen and I presented a review of this 
problem, and among other things indicated that it 
was our opinion that unless proper training were 
given to all residents, actually all doctors who did 
surgery (including ophthalmology, orthopedics, 
nose and throat and so forth), the mortality from 
this problem would not be reduced in large private 
hospitals. 

To my knowledge, there had not as yet been sub- 
mitted evidence which clearly indicated the value 
of a training program in which all such doctors 
had been given education along these lines. 

In that presentation we indicated that under the 
auspices of the Los Angeles County Heart Associa- 
tion and of the School of Medicine of the Univer- 
sity of Southern California a course was given once 
a week, at Los Angeles County Hospital. When the 
fiscal year begins, we have a large group of new 
residents. They are given the course during their 
first year of service. 

Therefore, in the cases in which arrests occur, we 
do have two groups of surgeons, those who have 
been given the course and those who have not. 

We have listed separately the surgeons who, 
when an arrest occurred, had had training and 
those who had not had training. There were thirty 
in the first group and nineteen in the second. 

Of the thirty cases handled by persons properly 
trained there were twenty-one complete successes. 
Of nineteen cases handled by those not properly 
trained or trained by ordinary methods, there were 
four complete successes. By complete success we 
mean the patient had 100 per cent recovery. Any- 
thing less than that is considered a failure. 
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Clinical Experience with Cardiac Arrest 


This untrained group represents about the 
national average in the management, of cardiac 
arrest. The 70 per cent recovery in the trained 
group represents, so far as I know, the first time 
that actual proof of the value of special training in 
the management of cardiac arrest has ever been 
submitted. I would like to say that in three of these 
cases the surgery had been performed by indi- 
viduals in this untrained group who (as a part of 
not having been properly trained) had left the 
operating room, and a person previously trained 
had to be called in at a late moment when the 
arrest was not correctful; yet, because he was the 
one who did it, the trained person was charged 
with the failure. 

If we corrected the figures accordingly and | 
think it might be fair to do so, this would be a con- 
siderably higher figure than 70 per cent recoveries 
in the trained group. 

| would like, therefore, to summarize or conclude 
that in our opinion there is absolutely no substitute 
for actual training in the laboratory of all surgeons 
in the management of cardiac arrest. 

Louis G. Brizzocara (closing): I would like to 
thank the discussers for their remarks. 

Regarding the comments that Dr. Stephens made 
about hypoxia and hypercapnia, quite a few of the 
patients, (four to be exact), were having either 
tracheal intubation or extubation at the time of 
the arrest, and hypercapnia very well could have 
been a contributing factor. We had no way of 
proving this one way or the other. 

Dr. Harkins mentioned the use of hypothermia. 
He wondered if the temperatures of the patients 


who had long compressions were recorded. We did 
not do this and I have no way of knowing whether 
the temperatures were high or low. 

With regard to Dr. Roe’s comments, I agree with 
him 100 per cent about the oxygenation before 
the attempt at defibrillation. It is foolish to attempt 
to do anything to the heart if you do not have good 
oxygenation, have the myocardium a pink color 
and have adequate circulation established. 

Again I would like to mention a disquieting note 
in our experience which may certainly not be the 
general experience in the use of the oscilloscope and 
electrocardiogram. In two patients, there was an 
electrical beat when there was no effective flow, 
which is really worrisome. All of the hospitals are 
buying these cardiac monitors for their operating 
rooms just to detect an absence of the electrical 
beat. These instruments may mislead rather than 
actually protect. I think that a continuous record- 
ing of the blood pressure and/or pulse would be 
much more valuable. 

Dr. Berne’s figures for complete resuscitation of 
70 per cent or higher of patients living and well are 
wonderful and if we could all do that I think we 
would be really happy. I certainly agree with him 
that the course for training surgeons in proper 
management of cardiac arrest is worthwhile; this 
does not include just the surgeons, for the whole 
operating room staff has to be alert to the problem 
as there is no room for any procrastination whatso- 
ever in getting into the chest. When you get there 
you have to know how to compress the heart in the 
right manner, otherwise you will get no effective 
flow. 
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Shock in Sepsis 


CLareE G. PETERSON, M.D. AND WILLIAM W. KrippAEHNE, M.D., Portland, Oregon 


From the Department of Surgery, University of Oregon 
Medical School, Portland, Oregon. 
N every generation, surgeons have found it 
necessary to deal as best they could with the 
problems of infection. A review of deaths and 
complications has shown that death in sepsis is 
the most common pattern of death in surgical 
patients at the present time. The pattern of 
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death is complex; it is not a simple killing affair. 
Similarly, when shock occurs in the course of in- 
fection multiple mechanisms are involved. It is 
the purpose of this report to place our clinical 
experiences with the problems of infection in 
perspective. 


DATA 


The Mortality-Morbidity Conference. Each 
week, surgical residents from the divisions and 
the special assignments of the Department of 
Surgery, including general surgery, orthopedic 
surgery, urology, anesthesiology, pediatric 
surgery and neurosurgery, make a detailed 
report of all service deaths and complications. 
This material is submitted to general discussion 
in a departmental meeting. During the last 
ten years an unbroken set of records and case 
analyses has provided a source of continuous 
data. Trends in morbidity and mortality, un- 
resolved problems in surgical care, and the 
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results of treatment are well documented by this 
material. This survey includes the Multnomah 
Hospital, the Doernbecher Memorial Hospital 
for Children, and the University of Oregon 
Medical School Hospital, Portland, Oregon. 

The residents’ reports and case analyses for a 
two-year period have been reviewed in detail. 
During the two-year period 1956-1957, there 
were 4,351 Operative procedures; 3,110 were 
classified as major operations and 1,241 were 
categorized as minor procedures. Diagnostic 
studies requiring no anesthesia or local anes- 
thesia were not included. There were 202 service 
deaths of which 143 were classified as operative 
deaths. A surgical service death has been classi- 
fied as an operative death if death occurred 
following operation at any time during the 
hospitalization. The surgical mortality (opera- 
tive deaths) for the combined services was 3.29 
per cent of 4,351 operative procedures. The 
predominantly geriatric nature of the hospital 
population is indicated by a composite census 
for the year 1952, which showed a median age of 
67.4 years for all surgical patients. 

Sixty-eight of 202 deaths were classified as 
deaths in sepsis although it is seldom possible 
to connect fatality with infection alone. 

A number of contributing factors were pres- 
ent in all cases. This is suggested by the data, 
that in this series most of the deaths were in the 
newborn, the young infant, or the geriatric 
patient. (Fig. 1.) Death followed emergency 
operations in forty-eight of the sixty-eight cases 
where death was due to infection. A group of 
typical, recurring, clinical situations were 
encountered: (1) The fractured hip in the 
elderly patient; (2) the emergency urologic 
operation for urinary obstruction and/or hem- 
orrhage with variable degrees of urinary tract 
infection; (3) surgery for acute conditions of the 
abdomen (massive gastrointestinal hemorrhage, 
hollow viscus perforations, acute obstructions, 
appendicitis with peritonitis, empyema and 
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Shock in Sepsis 


gangrene of the gallbladder, vascular acci- 
dents); (4) arterial insufficiency and gangrene 
due to arteriosclerosis obliterans or diabetes 
mellitus; and (5) emergency operations in the 
newborn (tracheoesophageal fistula, eventra- 
tion of the diaphragm, acute intestinal obstruc- 
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tions). A smaller fraction of the deaths occurred 
after less urgent operations, including multi- 
visceral abdominal operations and en _ bloc 
resections of the head and neck for cancer. 


THE CLINICAL PATTERN 


A clinical triad of sepsis, shock and hyper- 
thermia was frequently seen. (Fig. 4.) Of the 
sixty-eight patients dying in sepsis, fifty demon- 
strated the combination of infection and shock 
(Fig. 2) and there were forty instances of severe 
hyperthermia with temperatures ranging from 
102° to 108.8°F. (Fig. 3.) 

In each instance the infection was severe or 
overwhelming, whether it occurred as a primary 
problem requiring operation, a complication 
existing at the time of operation, or a post- 
operative event. Bacteremia, septicemia and 
metastatic phenomena were frequently ob- 
served. The bacterial aggressors were predomi- 
nantly the Staphylococcus aureus, streptococci, 
Escherichia coli, Pseudomonas aeruginosa, 
Proteus vulgaris and Aerobacter aerogenes. 
Slightly more than 3,000 bacterial sensitivity 
tests a month for all hospital services show a 
high degree of antibiotic resistant organisms, 
with well established resistances except to the 
latest series of antibiotics or to those antibiotics 


which have received limited acceptance and 
use in our hospitals [17]. 

Shock occurring in the course of infection was 
a complex of reactions associated with mixed 
clinical manifestations. In some instances it was 
a catastrophe with sudden death. At other 
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DAYS 
Fic. 4. Noradrenaline response in shock of sepsis. 
Forty-five year old woman, radical panhysterectomy 
for papillary cystadenocarcinoma of the ovary, E. coli 
septicemia, eighth postoperative day. Specific nor- 
adrenaline response after failure of a preceding diagnos- 
tic-therapeutic sequence which included total body 
cooling, intravenous salicylate therapy, oxygen, intra- 
venous combined broad spectrum antibiotic therapy, 
and a 100 mg. hydrocortisone trial. Reversible renal 
insufficiency. Patient survival. 


times, a syndrome of functional adrenal insuffi- 
ciency was observed, characterized by the pa- 
tient’s sense of disaster, fever, generalized body 
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tenderness, abdominal pain and ileus, tachy- 
cardia and variable degrees of shock which will 
not respond satisfactorily to blood volume 
replacement or vasopressors. In survival cases 
of this type, the complex is reversed by intra- 
venous hydrocortisone or intramuscular corti- 
sone therapy. The classical pattern of hemor- 
rhagic shock was seldom encountered, although 
acute loss of blood not rarely complicated the 
course of severe infections and infection was the 
usual sequel to long sustained hypotension, 
whatever the cause. At times, the circulatory 
effects of hyperthermia and the total body 
effects of hypoxia have dominated the clinical 
picture with functional disintegration of the 
central nervous system [39]. This clinical pat- 
tern is notable for marked hyperthermia, 
tachycardia, cyanosis, hypotension, restless- 
ness, disorientation, coma and convulsions. —__ 

The terminal picture of uncontrolled infec- 
tion is often that of total biological breakdown. 
Circulatory and respiratory decompensations, 
acute pulmonary edema, bilateral hydrothorax 
and hydropericardium were seen not infre- 
quently in the late stages of inexorable sepsis. 
Renal shutdown and clinical liver failure with 
jaundice, fever, shock and coma occurred as 
late complications in several instances. 

THE MORPHOLOGIC PATTERN 

An incomplete but significant morphologic 
picture of unresolved sepsis, the epiphenomena 
of severe stress, and the secondary results of 
homeostatic breakdown involving the circula- 
tory system, the lungs and the central nervous 
system emerges from the postmortem study of 
thirty-two cases of death in sepsis. A composite 
representation of this data is made in Table 1. 

The sites of unresolved sepsis included the 
lungs, the urinary tract, the peritoneum, the 
surgical wound and the soft tissues. There was a 
relatively high order of frequency of metastatic 
phenomena. ; 

A striking group of pathologic findings are 
the so-called stress equivalents. Multiple acute 
stress ulcers of the upper gastrointestinal tract, 
bilateral adrenal hemorrhage, and _ clinical 
liver failure with fatty metamorphosis as its 
pathologic correlate were observed. 


SHOCK MECHANISMS 
The Blood Volume 


Shock in bemoconcentration may occur as the 
result of a sequence of events which is initiated 


by reversible injury to a volume of tissue. In 
the zone of injury there is increased capillary 
fragility and alteration in capillary and cell 
membrane permeability. The biologic stream 
of events which leads to a plasma volume 
deficit and expansion of the SCN space may 
take place so rapidly that clinical edema does 
not appear but acute circulatory failure results. 
If the process takes place over a period of days 
or weeks, the physiologic effects on circulatory 
homeostasis are not so vital an issue. This 
dynamic process has been well described for 
thermal burns [15], peritonitis [16], acute pan- 
creatitis [23], and a variety of bacterial, viral 
and rickettsial infections [20,21]. 

From a surgical point of view, the “‘third- 
space effect”’ is operative in the acute surgical 
infections, spreading gangrene, crush injuries, 
thermal burns, chemical and bacterial perito- 
nitis, vascular accidents with infarction and 
gangrene. The same treatment corollaries apply 
throughout. The individual patient’s require- 
ments for blood volume replacement must be 
anticipated and accurately made in terms of 
both volume and time. As the healing process 
occurs, a resorption phase will follow and the 
hazard of an overload in fluid volume in the 
recovery phase of the process becomes a major 
clinical concern. 

Red cell mass is destroyed at an accelerated 
rate in severe infections [13]. Clostridial infec- 
tions and streptococcic septicemia may be 


_associated with such extreme rates of hemolysis 


that acute circulatory failure occurs on a hypo- 
volemic basis. 

Acute loss of blood during the course of medi- 
cal and surgical infections has been observed 
not infrequently as gastrointestinal hemor- 
rhage. In the fatal instances studied at post- 
mortem examination (Table 1), acute stress 
ulcers of the upper gastrointestinal tract re- 
sulted in blood losses of 200 to 1,000 cc. 
Exsanguinations have occurred. In a special 
review of this problem, we collected data 
establishing the occurrence of acute gastro- 
intestinal hemorrhage from stress ulcers in 
eighty-five instances over a five-year period. 

Extracellular fluid depletion can make an 
impressive contribution to the shock of sepsis. 
The fact that electrolyte balance is essential to 
circulatory homeostasis has been demonstrated 
to us on numerous occasions. The uncorrected 
salt-water deficits of extrarenal and renal losses 
of water and electrolyte must be evaluated in 
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relation to the shock of infections. For exam- 
ple, shock occurring in association with 
bacterial peritonitis may not respond to trans- 
fusion of whole blood, noradrenalin infusion, or 
intravenous hydrocortisone until the electrolyte 
deficit is in process of repair. Excessive skin 


TABLE I 
MORPHOLOGIC FINDINGS: DEATH IN SEPSIS (32 CASES) 


No. of 
Cases 
Unresolved infection 
Atelectasis and pneumonitis, bronchopneu- 

Urinary tract infection, pyelonephritis. .... . 15 

perforated viscus, suture line disruption. .. 7 

Circulatory and respiratory insufficiency 
Acute pulmonary edema.................. 9 
Bilateral hydrothorax..................... 10 
Adrenal aopolexy (bilateral massive adrenal 
Acute stress ulcer with gastrointestinal hemor- 


losses of water-electrolyte may occur in the 
hyperthermic state, and unregulated renal 
losses may complicate adrenal insufficiency and 
renal disease. 

Nutritional failure is an adverse factor of the 
most critical importance. When the battle of 
sepsis is long drawn, a state of “chronic shock” 
[14] may result, characterized by severe loss of 
weight, a plasma volume deficit, a decrease in 
red cell mass, hypoalbuminemia, and a vulner- 
ability to all stress. 

Blood volume replacement failure in the medi- 
cal or surgical patient is an important back- 
ground feature of the development of com- 
plicating infections. It has been our experience 
that continued massive gastrointestinal bleed- 
ing and shock will usually be complicated by 
pneumonitis unless resuscitative: care is timely 
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and effective. The bacterial factor in hemor- 
rhagic shock deserves the emphasis it has 
received [18,19]. 


Cardiac Output 


In the presence of sepsis, shock and hyper- 
thermia, both the normal heart and the dam- 
aged one suffer. 

A functional relationship between heart rate, 
stroke volume and cardiac output may be 
adversely affected. It is not infrequent to see an 
acute arrhythmia develop (usually auricular fi- 
brillation or auricular flutter) as the elderly pa- 
tient reacts to stress. Acute coronary insufli- 
ciency, sudden death in ventricular fibrillation, 
severe hypotension, or acute heart failure may 
then follow. A tachycardia sufficiently rapid (in 
the range of 140 to 240 per minute) for encroach- 
ment on diastolic filling time of the heart will 
cause a progressively declining cardiac output. 
As cardiac work increases, cardiac reserve 
diminishes. These factors have seemed espe- 
cially important to us in the small infant or 
child with acute infection, high fever and an 
extreme tachycardia, as well as in the geriatric 
patient. Total body cooling has an established 
place in the preoperative preparation of such 
patients. 

Insufficient coronary perfusion accompanies 
a persistent decrease in the blood volume and 
sustained hypotension from whatever cause. 
Electrocardiographic evidence of myocardial 
ischemia is commonly observed in severe shock. 
Accurate blood volume replacement and the 
normovolemic state are essential to optimal 
cardiac function. Beyond a certain point, how- 
ever, increases in volume inflow and ventricular 
filling pressure are correlated with decreasing 
cardiac output rather than progressive in- 
creases [27]. Hypervolemic states may develop 
following massive transfusion therapy in the 
course of extended resuscitative efforts or 
during the course of prolonged vasopressor 
therapy, if an excessive volume of carrier solu- 
tion for the vasopressor is infused. 

Compensatory physiologic adjustments of the 
circulation to anemia [22] and the adverse 
biologic effects of severe anemic anoxia may 
develop in the course of acute surgical infec- 
tions, gas gangrene, staphylococcic septicemia, 
peritonitis, the sepsis of burns, or continuing 
gastrointestinal hemorrhage. A variety of 
clinical situations may lead to nutritional failure 
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and a state of chronic shock. The necessity 
for maintaining an increased cardiac output in 
anemia, the low oxygen carrying capacity of 
blood, and the low oxygen reserves all decrease 
the cardiac reserve. Acute heart failure may 
develop in response to a large volume, high 
speed transfusion. It is well to transfuse with 
packed red cells when hemoglobin concentra- 
tions are less than 6 to 8 gm. per 100 ml. unless 
there is shock, and at very slow rates of infusion 
until the red cell mass has been increased to a 
point at which anemic anoxia can be discounted. 
These practical points in therapy are of survival 
value for geriatric patients with severe limita- 
tions in cardiac reserve from degenerative heart 
disease and anemic anoxia. 

lon effects can modify circulatory and cardiac 
function. Ionizable calcium deficits in the course 
of massive transfusion therapy using A.C.D. 
citrate-preserved whole blood occur frequently. 
Hypotension and electrocardiographic changes 
result from direct cardiotoxic effects and in- 
creased pulmonary resistance. Continuous elec- 
trocardiographic monitoring of the response to 
10 per cent calcium gluconate infusion Is 
indicated. The phosphate retention of renal 
insufficiency is often associated with a similar 
depression of ionizable calcium. We have 
observed cardiotoxic effects and vasodepression 
from hypocalcemia during the course of artificial 
dialysis. A massive breakdown of tissue or 
severe infection will result in high serum 
potassium concentrations early in the course of 
renal shutdown. The various pharmacologic 
expedients for reversing the cardiotoxic effects 
of hyperkalemia have been disappointing in our 
experience, and such cardiac effects from 
dangerously high K+ concentrations are indica- 
tion for artificial dialysis. 

The indications for digitalis therapy and other 
measures in cardiac support must be carefully 
assessed in the patient with infection and shock. 
It is difficult to generalize beyond this point. 


Loss of Vasomotor Control 


The central and reflex effects of fever, gen- 
eralized hypoxia, local changes in pH and the 
accumulation of metabolites, and arteriolar 
injury from bacterial toxins contribute to the 
loss of vasomotor control which is a character- 
istic feature of shock and associated infection. 
There is evidence that arteriovenous shunting 
of blood occurs in fever, 
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Clinical phenomena suggesting marked vaso- 
constriction in shock have been responsible in 
part for the opinion that blood pressure homeo- 
static mechanisms are maximally engaged in 
shock and for the conclusion that absolute 
refractoriness to vasopressors exists. Severe 
hypotension may give the impression of pro- 
found vasoconstriction since the critical closing 
pressure of small vessels ts considerably above 
zero. Von Euler [37] has summarized brilliantly 
the role of the physiologic pressor hormone, 
noradrenaline, in hypotensive states and shock 
in The Mitchell Lecture (1955). The concept of 
a relative refractoriness of small vessels to the 
pressor substance during shock, with relative 
noradrenaline insufficiency, is most compatible 
with clinical experiences. Certainly, in the 
treatment of shock in sepsis, a therapeutic trial 
with a vasopressor is indicated following ac- 
curate blood volume replacement if hypoten- 
sion persists: There is increasing evidence that 
various combinations of vasopressor therapy 
(methedrin,® neo-synephrine,® vasoxyl,® nor- 
adrenaline) have participated in the very con- 
siderable gains that have been made in shock 
therapy. An illustrative case is shown in Fig- 
ure 4. 

It is our practice to start vasopressor therapy 
with a wet-syringe (0.5 mg.) neo-synephrine 
test. If there is a pressor response, therapy is 
continued using an intravenous drip titration 
of a 10 to 100 mg./L. neo-synephrine solution. 


_ The rate of infusion is determined by the bio- 


logic response. A_ necessity for prolonged 
vasopressor therapy has led us to use relatively 
high concentrations of the pressor substances 
in small volumes of carrier solution in some 
situations so as to minimize the possibility of 
imposing a vascular overload. A 24 mg./L. 
noradrenaline concentration and 100 mg./L. 
neo-synephrine concentration were used in the 
illustrative case shown in Figure 4. Damage to 
tissue and sloughs from the intense local vaso- 
constriction of noradrenaline infusion has led us 
to initiate our trials of vasopressor therapy with 
neo-synephrine, reserving noradrenaline for 
those cases unresponsive to neo-synephrine. 
The response to the vasopressors is condi- 
tioned by the functional state of the adreno- 
cortex and the sodium balance [28,30]. A failure 
of response to neo-synephrine or noradrenaline 
suggests a diagnostic-therapeutic trial with in- 
travenous hydrocortisone (Fig. 5), or the need 
for repletion of an existing sodium deficit. 
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venous hydrocortisone after failure of a diagnostic-therapeutic sequence which 
included neo-synephrine and noradrenaline titration, high speed transfusion. 


J.0. 66-847 
mm Hg 


cc/hr 


New” 


s4Mg 10 Wt 12 2 3 4&4 § 7PM 


LEVOPHED 


16mg 16mg 16mg 16mg 


Fic. 5B. Same patient as Figure 5A. Noradrenaline requirement is illustrated. 
Breaks in blood pressure record indicate points at which continuous titration with 
noradrenaline was stopped or interrupted. Two hundred sixteen mg. of noradrenaline 
and 50 mg. of neo-synephrine were administered over a three day period. Delayed 
death in acute liver failure. 


Endocrine Failure stimulus to the adrenal cortex is accepted as a 


Endocrine failure of bilateral hemorrhage serious clinical problem. A real controversy has 
with total adrenal destruction, adrenal tissue  '@8€d, however, over the question of functional 
replacement by metastatic tumor, and the adrenal insufficiency during periods of shock 
obvious endocrine void after adrenalectomy or and severe stress in the patient with normal 
hypophysectomy are clear indications for endocrine glands. 
replacement therapy. The possibility of pitui- The possibility of irreversible structural 
tary suppression as a response to prolonged damage to the adrenal glands by hemorrhage 
cortisone therapy with an insufficient ACTH __ into the adrenals during shock and sepsis has 
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been confirmed in our experience, as indicated 
by the morphologic findings in fatal cases of 
sepsis. (Table 1.) On clinical bases, it would 
seem to be impossible to distinguish between 
a reversible type of functional adrenal insuffi- 
ciency and adrenal failure due to hemorrhage. 
A critical evaluation of the problem of shock 
and the adrenocortex has been made by Hayes 
[34]. The California group | 33,37], reporting their 
clinical experiences with shock not responding 
to blood volume replacement, have predicted 
an increasing use for short term hydrocortisone 
therapy in clinical situations of severe stress. 

In our experience, a definite pressor response 
will follow the administration of intravenous 
hydrocortisone within fifteen to thirty minutes 
if adrenal insufficiency is a critical defect in the 
homeostatic mechanism. (Fig. 5.) One hundred 
milligrams of hydrocortisone in 10 per cent 
glucose or fructose solution with added saline is 
a rational diagnostic-therapeutic test to make 
in the event of sepsis, shock and fever not 
responding to accurate blood volume replace- 
ment or vasopressors. It is our practice to con- 
tinue broad spectrum antibiotic therapy for a 
minimum period of five to seven days after the 
cessation of steroid therapy. ACTH stimulation 
for a three to five day period following hydro- 
cortisone withdrawal is generally practiced. 

A test dose of hydrocortisone C in man has 
a half-life of about four hours with metabolic 
decay or excretion of more than go per cent of 


the test dose within twenty-four hours [35]. A _ 


safety factor exists because of this feature, but 
the side effects of cortisone administration are 
to be considered with care. Gastrointestinal 
hemorrhage has occurred during the course of 
short term therapy with intravenous hydro- 
cortisone. We have not observed adrenal 
suppression following patient withdrawal from 
short term therapy. The troublesome question 
of the anti-inflammatory action of ACTH, 
cortisone and hydrocortisone on the. course of 
infections has not been resolved. 

There is experimental evidence that these 
substances produce a decrease in LDs5» of ten- 
to a hundredfold below that for control animals 
using bacteria, viruses, protozoa and fungi as 
infecting agents [63]. However, an increase in 
survival of experimental animals was demon- 
strated by another investigator, using combi- 
nations of antibiotics, ACTH and cortisone, 
over survival rates of infected animals treated 
with antibiotics or steroids alone [36]. 


In summary, there is substantial and growing 
clinical evidence that accurate blood volume 
replacement, neo-synephrine and noradrenaline 
titration, and short term intravenous hydro- 
cortisone therapy have been critical factors in 
the survival of patients in shock that is un- 
responsive to blood volume replacement alone. 


The Adverse Effects of Hyperthermia 


Small deviations in central body temperature 
are generally well tolerated but there is reason 
to challenge the concept of the beneficence of 
the markedly hyperthermic state. Beyond con- 
ventional pathologic anatomy is a “molecular 
lesion”’ from the hypoxia of hyperthermia. This 
injury is explainable in part as a simple physico- 
chemical phenomena related to the acceleration 
of cellular metabolism occuring with increases in 
temperature. The extent of the metabolic over- 
load in fever can be calculated from the van’t 
Hoff-Arrhenius equation (if the speed of a 
chemical reaction is doubled for each 10°c. 
elevation, there will be a 7 per cent Increase in 
metabolic rate for each degree of fever, Fahren- 
heit). In addition to the increased metabolic 
demand, there is a variable degree of failure 
of the cardiorespiratory transport system dur- 
ing severe hyperthermia. 

Survival rates of experimental animals in 
the hyperthermic state are directly related to 
the speed with which body temperature is 
lowered to normal. Environmental exposures 
which are sufficient to cause an increase in body 
temperature decrease the survival tolerance to 
hemorrhagic shock [47], traumatic shock [55], 
and thermal burns [48]. 

To allow the hyperthermic state to persist Is 
to risk irreversible injury to the central nervous 
system, the liver and circulatory collapse [4o, 
42,45,40,50,54]. This defines clearly the objec- 
tive of therapy: a rapid reduction of extreme 
temperature elevations may be critical to the 
survival of a hyperthermic patient. The dan- 
gers of extreme fever apply with special force 
in infants and children in whom small body 
mass, a high rate of internal heat production, 
and instability of the heat regulatory mecha- 
nism are associated with marked vulnerability 
of the central nervous system to hypoxic 
damage. 

We are inclined to cool the hyperthermic 
patient to normothermic levels rather than to 
extreme degrees of hypothermia. Sedation may 
be needed to control shivering. Chlorpromazine 
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and sodium phenobarbital have been used for 
this purpose. There may be some value to the 
use of intravenously administered salicylates. 
Supplemental oxygen therapy would seem to 
be indicated for all hyperthermic patients. The 
marked clinical improvement which follows 
total body cooling has been the basis for numer- 
ous recent reports [38,43,47,53,56] and agrees 
with our clinical experience. 


The Control of Sepsis 


Simultaneous with the treatment of shock 
and the reversal of hyperthermia must be the 
treatment of the infection. Only a brief outline 
will be presented of factors which are considered 
to be of the greatest general significance. 

Number and Virulence of Organisms. The 
almost ubiquitous problem of hospitals today 
is a necessity for dealing with the so-called 
hospital types of resident bacterial flora which 
become identified with an entire hospital popu- 
lation [69,71-74,76]. A prototype of such bac- 
terial organisms is the coagulase positive, 
penicillinase producing, antibiotic resistant, 
hemolytic staphylococcus aureus. A hardy 
wound pathogen with invasive, hemolytic and 
necrotizing properties, it colonizes in large 
numbers and possesses an inherently high 
lethal potential for human beings. 

A change in number and/or virulence of such 
hospital organisms as the Staph. aureus may be 
related to at least two basic situations: (1) 
Genetically resistant organisms, which are 
recessive bacterial strains under conditions of 
biologic equilibrium and health, may become 
the dominant and important bacterial flora 
as a result of disease or antibiotic treatment— 
there is a change in the bacterial population, in 
kind and in number; and (2) Antibiotic re- 
sistant mutants of previously sensitive bac- 
terial strains develop as a result of antibiotic 
treatment. It has been observed that bacterial 
antibiotic resistance patterns of hospital bac- 
teria at a given time reflect with some 
accuracy the antibiotics which are in use in 
that hospital. 


Hospital Environment. The dilemma of hos- 


pital sepsis has been complicated, not resolved, 
by the introduction of chemotherapy and anti- 
microbial therapy. An explosively unstable 
hospital milieu exists everywhere with the de- 
velopment of virulent strains of hospital organ- 
isms that are antibiotic resistant. The epi- 
demiologic risks in hospital of infection and 
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reinfection, of cross contamination and cross 
infection, is added to by the inherent hazards 
of hospital living. Hospital sepsis is not an 
isolated problem of certain separate hospital 
units or areas, single individuals or hospital 
services. The problem is universal and should 
be recognized by everyone as a shared problem 
in communicable disease. 

Surgical Indications. A constant search 
must be made for reversible pathologic proc- 
esses. There have been some bitter lessons for 
us in the identification of unresolved sepsis at 
the postmortem examination: the missed 
abscess, the inadequately drained one; con- 
tinuing peritoneal contamination from necrosis 
and gangrene; the disruption of a suture line; 
overwhelming septicemia from a fulminant 
pyelonephritis with persisting ureteral obstruc- 
tion; the metastatic abscess that might have 
been drained; the unresolved atelectasis, com- 
plicated by pneumonitis and multiple lung 
abscesses; the space-taking, asphyxiating bi- 
lateral hydrothorax. 

It is a first principle in the treatment of 
hemorrhagic shock and it applies to the prob- 
lem of shock in sepsis. One must never forget 
to treat the cause. 

Biologic Factors. If the local battlefield of 
infection is the microenvironment of inflamma- 
tion [2,5], the general physiologic status of the 
patient and his metabolic background are also 
crucial to the outcome. It is difficult to express 
these factors in precise terms. The factors in- 
volved in loss of resistance to infection and the 
development of overwhelming infections in- 
clude the following: (a) Failure of the immune 
response—impaired antibody formation and 
faulty globulin synthesis; (b) failure of the 
cellular response—reticuloendothelial or bone 
marrow fault; (c) enhancement of infection— 
anti-inflammatory effect of ACTH, cortisone 
and hydrocortisone; and (d) endocrine and 
metabolic failure—loss of resistance to infec- 
tion, diabetes mellitus, pituitary and adrenal 
insufficiency. 

Nutrition in Infections. A recent mono- 
graph (1955) on nutrition in infections in the 
Annals of the New York Academy of Sciences 
Series should be in every surgeon’s library [65]. 
Cannon’s demonstration [58] of a relationship 
between protein metabolism, antibody, forma- 
tion, and resistance to infection was followed 
by increasing attention to this aspect of sur- 
vival. In the experimental animal, antibody 
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formation is suppressed by protein deprivation 
but quickly returns to normal with the attain- 
ment of positive nitrogen balance [61]. There 
is evidence to suggest that phagocytic activity 
bears a direct relationship to protein metabo- 
lism, and that the enzymatic activity of the 
mature granulocyte is dependent upon the 
presence of cobalt, which occurs in the body as 
vitamin By». Decreased plasma concentrations 
of By: and disappearance of it from the urine 
were observed at the time of infection [24]. 
Numerous recent studies have shown that the 
antibody response is inhibited in vitamin de- 
ficiency states [57,65]. Pantothenic acid, pyro- 
doxine, thiamine, biotin, riboflavin, niacin- 
tryptophane, and vitamin A have all been 
incriminated. The relationships of gamma 
globulin and immune mechanisms in the infant 
have been emphasized [68]. High gamma 
globulin concentrations in infant serum at 
birth, from maternal transfer, decrease in the 
first two months of life and only start to rise 
after three months as the infant’s liver begins 
to synthesize it. Gamma globulin synthesis 
appears to be still imperfect at the age of five 
years. 

The glycolytic activity of inflammatory cells 
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is affected by general metabolic states which 
alter synthesis and mobilization of glycogen [2], 
and it has been noted that the leucocytes of 
rabbits rendered alloxan-diabetic will continue 
to engulf pneumococci but bactericidal power 
against these bacteria is diminished [66]. 

In one experimental study, injected bacteria 
which were rapidly killed in liver, spleen and 
lung of normal control animals, persisted and 
killed the animals that were fasted for thirty- 
six to forty-eight hours before bacterial injec- 
tions were made [61]. There is the suggestion 
that this effect may be related to poisoning of 
the Kreb’s cycle, a lack of cellular glycogen, 
decreased glycogenolytic activity by the cells, 
or lowered levels of polycarboxylic acid in tis- 
sues, all of which have demonstrable effects on 
reticuloendothelial system function. 

Some Effects of Stress. The defence mecha- 
nism mobilizes immune globulins, haptoglobu- 
lin, lysozymes, and bacteriolysins, as well as 
numerous non-antibody—forming enzyme inhib- 
itors to counteract bacterial enzyme systems 
[65]. Impairment of the reticuloendothelial sys- 
tem has been described in experimental hem- 
orrhagic shock [19]. Decreased concentrations 
of properdin, a serum protein essential to the 
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bactericidal and viricidal power of comple- 
ment, have been observed after total body 
irradiation and other pathologic stresses [67]. 
Some gram-negative bacteria elaborate tox- 
ins which deplete glycogen reserves of the 
body [61], and the diphtheria toxin would seem 
to paralyze the cytochrome system, possibly 
by the inhibition of oxidative phosphorylation, 
thus lowering host reserves of energy-rich 
phosphorous compounds [61]. 

Cortisone and ACTH. The effect of the 
steroids upon the course of experimental infec- 
tions has been studied [2,7,63,64]. There is little 
doubt about the adverse effect of pharmacologic 
dosages of cortisone or ACTH on the body’s 
mechanisms of resistance. An anti-inflamma- 
tory response, decreased phagocytosis, an 
adverse effect upon reticuloendothelial func- 
tion, inhibition of fibrogenesis, decreased anti- 
body formation, and negative nitrogen balance 
all serve to increase animal susceptibility to 
infection. 


Therapeutic Implications. It is safe to pre- 


dict that the therapeutic advances of tomorrow 
will come from the study of biochemical deter- 
minants of disease. Specific progress is illus- 
trated by our recent increase in knowledge of 
the agammaglobulinemic and hypogamma- 
globulinemic states. Figure 6 illustrates an 
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instance of specific biochemical replacement 
therapy with the total reversal of a pathologic 
state related to loss of host resistance factors. 
There is the suggestion that gamma globulin 
combined with antibiotic therapy may be of 
value in the treatment of antibiotic resistant 
superinfections [62]. Large doses of gamma 
globulin, 10 to 20 cc. per day, were given 
during the course of the acute infections. 

The generally disintegrating effects of nutri- 
tional failure on host resistance are suggested 
by the striking graphic disorder of the electro- 
phoretic pattern of the plasma in a complicated 
burn case. (Fig. 7.) 

The support of host resistance factors by 
general and specific nutritional and biochemical 
means, the establishment of rigid aseptic and 
antiseptic technics in the hospital environment, 
and laboratory-controlled specific antibiotic 
therapy are the major salients in the present 
day war on sepsis. Shock in sepsis is one of the 
battles. 


SUMMARY 


The most common pattern of death in surgi- 
cal patients is death in sepsis. Death in sepsis 
is a complex of reactions; it is not a simple 
killing affair. 

When shock occurs in such cases, multiple 
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mechanisms are involved. The role of the blood 
volume, the cardiac output, loss of vasomotor 
control, endocrine and metabolic factors, the 
adverse effects of hyperthermia and the con- 
trol of sepsis are discussed. 

Treatment of shock in infection involves the 
consideration of accurate blood volume replace- 
ment, vasopressor therapy, short term intra- 
venous hydrocortisone therapy, total body 
cooling and oxygen therapy. 

The problems of antibiotic resistance, the 
hospital environment, the role of antisepsis and 
the rigid requirements in asepsis, surgical indi- 
cations, and some biologic factors in sepsis, 
including the role of nutrition in host resistance, 
are discussed in relation to the fundamental 
problem of the control of infection. 
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DISCUSSION 

Henry N. Harkins (Seattle, Wash.): I appre- 
ciate the honor of having been asked by Dr. Peter- 
son to open the discussion of his paper. Possibly he 
has asked me to do so, not because of any small 
contributions | may have made some years ago to 
the subject of shock, but because of my rare good 
fortune in having worked with both Dr. Alfred 
Blalock and Dr. Dallas Phemister, which two men 
have contributed in my opinion more to the know]- 
edge and treatment of shock than any other two 
individuals. Dr. Peterson’s paper is a scholarly one. 
It concerns a subject which is complicated, not 
simple. If Dr. Peterson has come up with no pat 
solution or ready answer, it may well be because 
the solution is involved and the answers multiple. 

The type of shock that Dr. Peterson is consider- 
ing I might classify as ““subacute shock.” This is in 
differentiation from the usual “acute” or “hypo- 
volemic shock”’ due to blood and/or plasma loss on 
the one hand, and from the so-called “chronic 
shock”’ of Lyon’s due to a chronic hypovolemia, on 
the other. Personally, I am not convinced that 
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chronic shock is really shock but I will admit that 
the subacute shock, if I may call it that, which 
Dr. Peterson considers is a variety of shock. 
Another way of looking at the situation is that 
acute hypovolemic shock, in its early stages at least, 
may be reversible; the subacute shock of Dr. Peter- 
son represents a later, a more complicated, and 
a more irreversible stage. In the former, blood 
volume restoration alone is the main basis of treat- 
ment; in the latter, all the other measures—vaso- 
pressor therapy, short term hydrocortisone, total 
body cooling, etc.—which Dr. Peterson has men- 
tioned should be utilized. Confusion between the 
early and late stages of shock has been the stum- 
bling block of many physiologists who have studied 
the problem. They may not appreciate the different 
stages of the syndrome as do clinicians. The advan- 
tage that Drs. Blalock and Phemister had was that 
they were both physiologists and surgeons. On the 
other hand, recognition of the complexity of treat- 
ment of subacute shock should not make hazy the 
clear-cut indications for blood volume replacement 
as the main treatment of acute hypovolemic shock, 
e.g., from a ruptured spleen where there is no sepsis. 

Three details of the paper deserve attention: 

(1) The relationship between infection and shock 
may be classified as being of three types; (a) infec- 
tion producing shock (gas gangrene, etc., partly by 
fluid loss from the blood stream into the gangrenous 
areas); (b) shock with infection (subacute shock, 
Peterson) and (c) shock producing infection (Fine, 
due to overgrowth of bacteria in the intestines or 
liver). (2) Dr. Peterson mentions nine stress ulcers 
with infection and hemorrhage (eighty-five total 
cases of acute ulcer). In a five-year period we had 
forty-three acute ulcers at the Kings County Hos- 
pital but not all with either infection or hemor- 
rhage. (3) The need for oxygen, particularly in 
hyperthermia, has been stressed by Dr. Peterson. 
The classical studies by Courville on anoxic damage 
to the brain and concerning the increased hazard of 
hyperthermia by Prinzmetal, both working in this 
part of the country, are of interest. While oxygen 
is essential, | wonder if we should not pay more 
attention to ventilation. Recently I made rounds 
at the Los Angeles County General Hospital with 
Dr. Clarence Berne. I was impressed that certain 
patients—just the type Dr. Peterson is talking 
about—who seemed to be breathing adequately 
were actually ventilating at dangerously low levels 
when quantitatively tested with a ventilation 
meter. I must confess this concept was newer to 
me than it should have been. 

As to the future, I might make the following pre- 
diction: more cures may result if the type of patient 
Dr. Peterson is considering can be tided over the 
critical period during which time specific bio- 
chemical therapy of the type Dr. Peterson outlines, 
will restore the internal milieu to normal. Such tid- 
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ing over might be by mechanisms to cool him, to 
respirate for him (mechanical artificial respiration), 
to circulate for him (pump), and to excrete for him 
(artificial kidney). 

Dr. Peterson has made a fine synthesis of many 
cogent surgical problems. I will urge my residents, 
as I will suggest to you, that his printed paper be 
studied in detail. 

Davip MeETHENy (Seattle, Wash.): There is one 
little angle of this splendid paper I want to empha- 
size because I do not think it has had enough 
emphasis, and that is, in the presence of infection 
there is loss of fluid into the tissues. When you lose 
fluid into the infected area you lose electrolytes. 
This is significant in a clinical way many times 
when you don’t suspect it. 

For instance in many cases of gastrointestinal 
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disease in which you have trouble getting an 
electrolyte balance you will find that a hidden 
infection somewhere is robbing the body of elec- 
trolytes and increasing the third space. This was 
also demonstrated years ago by general practi- 
tioners who used to practice in the woods around 
Seattle, when going to see many cases, perhaps of 
bronchitis, or was it pneumonia? They used to have 
silver nitrate in their kits. They would run the 
urine for albumin with the nitric acid, and then 
put in the silver nitrate. If there were no chlorides, 
they knew that it was not simple bronchitis but 
pneumonia. 

The loss of electrolytes is a very complicated 
picture, and I do know that if you lose enough 
electrolytes so that the enzyme systems in the cells 
get disrupted, shock becomes irreversible. 
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DVANCES in the surgical treatment of portal 
A hypertension and its complications have 
directed the attention of surgeons to the im- 
portance of the recognition and control of 
hepatic coma [1]. This syndrome occurs most 
often in patients who have had vascular shunt- 
ing procedures performed to relieve portal 
hypertension, or in patients in whom chronic 
liver disease is associated with gastrointestinal 
hemorrhage [2]. 

Recent work [3] has clarified the relationship 
between the neuropsychiatric disorders and 
the increased concentration of ammonia in the 
blood of patients with the syndrome of hepatic 
coma [4]. The fact that ammonia intoxication 
is probably one of the most important factors 
in the development of this syndrome is sup- 
ported by numerous reports indicating that 
clinical improvement of patients in hepatic 
coma follows reduction of the concentration of 
ammonia in the blood [5-7]. 

The toxic effects of ammonia have been 
demonstrated both experimentally and clini- 
cally by several methods including the admin- 
istration of ammonium salts [8,9]. In such cases 
an increase in the blood ammonia is followed 
by the clinical manifestations and electro- 
encephalographic changes associated with he- 
patic coma. This relationship of ammonia in- 
toxication to hepatic coma has emphasized 
the importance of an understanding of am- 
monia metabolism with particular reference to 
the recognition of ammonia intoxication and to 
-the methods for its treatment. 
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The important aspects of ammonia metabo- 
lism in man are illustrated in Figure 1. 

Ammonia produced within the gastrointesti- 
nal tract is the major source of the ammonia in 
the peripheral blood. This ammonia is the result 
of the action of intestinal bacteria on ingested 
protein or other nitrogen-containing com- 
pounds. The production of ammonia from 
protein within the intestine following gastro- 
intestinal bleeding is greatly increased. Thus in 
patients with chronic liver disease acute am- 
monia intoxication may follow bleeding into 
the gastrointestinal tract. These effects of the 
accumulation of blood within the gastrointesti- 
nal tract on the concentration of ammonia in 
the blood have been shown both experimentally 
and clinically [1,70]. 

A small amount of urea normally diffuses into 
the gastrointestinal tract and may be consid- 
ered to contribute to the intestinal “nitrogen 
pool.” This may be an important source of 
ammonia in uremic patients. 

Ammonia produced within the gastrointes- 
tinal tract is absorbed into the portal circula- 
tion and detoxified within the liver by the 
formation of urea. This action of the liver is 
so efficient that under normal conditions little 
or no ammonia escapes into the peripheral 
blood. Ammonia may also be detoxified in the 
peripheral tissues by transamination reactions 
such as the conversion of glutamic acid to 
glutamine. Because the liver is the primary site 
for detoxification of ammonia, an impairment 
of this hepatic function or diversion of the 
portal blood from the liver to the systemic 
circulation permit ammonia to accumulate in 
the peripheral blood. Such diversion of portal 
blood occurs as a consequence of the portal 
hypertension associated with cirrhosis of the 


| A& SUMMARY OF 

| NORMAL €& ABNORMAL 
ASPECTS OF 

[AMMONIA METABOLISM | 


Hepatic Coma in Surgical Patients 


DIETARY PROTEIN 


JESOPHAGEAL AND 
} GASTRIC VARICES 


PEPTIC ULCER, 
ASM, 
GASTRITIS, ETC. 


J OTHER CAUSES OF 
GASTROINTESTINAL 
HEMORRHAGE 


Fic. 1. Dietary protein is the normal primary source of intestinal nitrogen. However, when gastrointestinal bleeding 
occurs, the blood that accumulates within the intestine may become an important source of intestinal nitrogen. Urea, 
which is excreted in part into the gastrointestinal tract, also adds to the intestinal nitrogen pool. All of these nitrogen- 
containing compounds are converted into ammonia by the numerous bacteria within the colon. This ammonia is 
absorbed into the portal circulation and, under normal conditions, is rapidly removed in the liver by the formation 
of urea which is excreted by the kidneys. This mechanism of detoxification of ammonia is so efficient that little or 
no ammonia can be found in the peripheral blood. Because of the important role of the liver in the detoxification of 
ammonia, a (1) decrease in hepatic function or a (2) by-pass of the liver associated with (a) the development of 
portal-systemic collaterals or (b) surgical shunting procedures will result in an increase in concentrations of ammonia 
in the peripheral blood which will exert its toxic effects on the central nervous system. 


liver or as a result of surgically constructed 
venous shunts performed for the relief of portal 
hypertension. 

The term hepatic coma has been applied to 
the encephalopathy that may be observed in 
certain patients with liver disease [11]. One of 
the most consistent features of this syndrome 
is the occurrence of ammonia intoxication. 
Therefore efforts have been directed toward the 
correlation of the concentration of ammonia in 
the blood with clinical observations of the 
neuropsychiatric state of these patients. The 


results of clinical studies on 100 cases of 
hepatic disease associated with encephalopathy 
were used to construct the diagram shown as 
Figure 2. 

The stages of ammonia intoxication have 
been classified with regard to state of conscious- 
ness, motor activity and changes in deep tendon 
reflexes of the patients. The onset of the 
delirium characteristic of the first stage may 
be so insidious as to escape recognition. These 
patients may become disoriented and have 
phenomena ordinarily associated with alcoholic 
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Fic. 2. Diagrammatic representation of the three stages of encephalopathy associated with ammo- 
nia intoxication. (From: NAJARIAN, J. S., Harper, H. A. and McCork te, H. J. Amino acid 


intoxication, such as slurred speech, blurred 
vision and a staggering gait. Occasionally such 
a patient may become maniacal and irrational 
with visual and auditory hallucinations. How- 
ever, maniacal behavior is unusual; more often 
such patients are confused and gradually be- 
come drowsy. During the early stages of 
delirium, the patient’s comprehension becomes 
so impaired that it is difficult for him to comply 
with simple requests. Response to questioning 
is delayed and often irrelevant. In this state 
the deep tendon reflexes become increasingly 
more active. Also a positive grasp reflex is fre- 
quently elicited. Occasionally there may be 
inequalities of reflex responses.* 

In the stage of delirium motor activity in- 
creases and is associated with marked restless- 
ness and the development of characteristic 
involuntary movements. Such movements were 
first described by Adams and Foley [4], and 
have been designated as “liver flap.’’ This may 
best be demonstrated when the patient holds 
his arms and hands outstretched with the 
fingers spread apart, at which time it appears 
as a series of lateral deviations of the fingers, 
and rapid and arrhythmic flexion-extension of 
the fingers at the metacarpophalangeal joints 
with flexion-extension at the wrists. If the 


* This may make it difficult to differentiate between 
. hepatic coma and subdural hematoma. 


therapy of ammonia intoxication. Surgery, 44: 11, 1958.) 


patient is asked to place his hands on his head 
the “flap” is manifested at the elbows. This 
sign, while very characteristic of hepatic en- 
cephalopathy, also occurs in uremia and occa- 
sionally has been reported in respiratory acido- 
sis [12]. The liver flap occurs early in the course 
of ammonia intoxication in patients with liver 
disease and can be elicited until the patient 
lapses into coma, although even in a comatose 
patient it may be seen if his wrists are held and 
the movements of the hands are then observed. 

The second stage, designated as one of 
stupor, is characterized by progressively in- 
creasing drowsiness and lethargy. Such patients 
become somnolent, sleeping almost continu- 
ously but still responding to light stimuli. As 
the encephalopathy progresses the patient can 
only be aroused by stronger painful stimuli. 
The deep tendon reflexes become hyperactive 
and in many cases ankle and knee clonus can 
be demonstrated. Later in this stage an extensor 
plantar response develops in many of these 
patients. Then motor activity increases until 
marked resistance to passive movements finally 
develops. Such paratonic rigidity has been 
observed in most of these patients during this 
stage. Occasionally generalized or focal con- 
vulsions occur in the late phases of the stupor. 

Coma develops insidiously following stupor. 
Usually the onset of coma becomes apparent 
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when the patient can no longer respond to 
strong painful stimuli. As coma deepens, the 
pupils of the eyes become dilated, respirations 
become stertorous and finally of a Cheyne- 
Stokes type just prior to death. The hypertonic 
condition of the muscles is lost and they become 
hypotonic and finally flaccid. The reflexes also 
become hypoactive as coma progresses and 
are absent prior to death. 

The concentration of ammonia in the blood 
may generally be correlated fairly well with 
the clinical progression of the encephalopathy 
of hepatic coma. This is confirmed by the results 
of over 300 measurements of blood ammonia 
concentrations done in the University of Cal- 
ifornia Experimental Surgery Laboratories 
on the peripheral venous blood of patients 
with hepatic coma. A similar conclusion was 
reached by Phear et al. [13] who reported more 
than a go per cent correlation between the 
blood ammonia concentrations and the neuro- 
logical status of the patients in a series of 366 
measurements of concentrations of blood 
ammonia. It has been shown that the arterial 
blood ammonia concentrations more accu- 
rately reflect the clinical status of patients than 
do the venous blood ammonia concentrations 
[14]. Electroencephalographic changes have 
been observed in patients with hepatic coma, 
most of whom were in stupor or early coma [15]. 
Further studies will be necessary to assess the 
value of this examination in the diagnosis of 
hepatic coma. 

Gastrointestinal hemorrhage most commonly 
occurs in patients with chronic liver disease as 
a result of esophageal varices. A hemorrhage 
from any source into the gastrointestinal tract 
markedly increases the danger of ammonia in- 
toxication, not only because of the amount of 
nitrogen the blood contributes to the formation 
of ammonia in the gastrointestinal tract but 
also because of hepatic ischemia which may 
reduce hepatic function during the period of 
hypotension [16]. Prompt institution of meth- 
ods to control bleeding and shock, including 
replacement of blood, is essential. When hemor- 
rhage has resulted from rupture of esophageal 
varices, the Sengstaken [17] esophageal com- 
pression balloon may be placed into the stom- 
ach in an attempt to control the bleeding. If 
it is properly placed, this device is very effective 
for the control of hemorrhage from esophageal 
and gastric varices. After two or three days the 
balloon may be decompressed. If bleeding re- 
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curs or if it is not controlled initially by balloon 
tamponade, then surgical intervention is ur- 
gently indicated. The surgical procedures de- 
signed to control hemorrhage from esophageal 
varices include portacaval or splenorenal anas- 
tomosis [18], or an attempt to stop the hemor- 
rhage directly by ligation of the varices [19,20] 
or by gastric transection and subcardiac porta- 
azygos disconnection as described by Tanner 
[21]. Although a direct approach to the control 
of bleeding esophageal or gastric varices may 
give adequate hemostasis, the effect is usually 
temporary. Therefore some method for portal 
decompression, such as a venous shunting 
procedure, should be used if the patient is in 
condition to tolerate it. 

After adequate control of hemorrhage has 
been accomplished, blood which has accumu- 
lated in the gastrointestinal tract should be 
removed as promptly as possible by the use of 
gastric lavage, cathartics and enemas. 

Complete removal of protein from the diet is 
essential in the treatment of the acute phase of 
hepatic coma. Dietary protein can be gradually 
restored during the recovery period at a rate 
which can be gauged by the effect of additional 
protein on the blood ammonia. A normal or 
increased protein intake can be achieved in 
some patients. However, in most patients with 
chronic liver disease who have a large portal- 
systemic collateral circulation or in patients 
with surgically constructed vascular shunts be- 
tween the portal and systemic circulation, a 
limited protein intake will probably be essen- 
tial to the prevention of recurrent episodes of 
encephalopathy. 

An important adjunct to the treatment of 
ammonia intoxication is the reduction of bac- 
terial activity within the intestinal tract. This 
can be most effectively accomplished by the 
oral administration of neomycin [22,23]. It 
should be given in doses of 2 gm. every six 
hours for the first three days followed by a 
maintenance dose of 14 gm. every six hours for 
periods of seven to ten days. The duration of 
neomycin treatment varies according to the 
patient’s response to protein restriction and 
the capacity of the liver to recover its ability 
to detoxify ammonia. Neomycin was given to 
a few patients for as long as ten months ac- 
cording to a recent report [24]. 

Many patients in whom stupor or coma has 
developed have decreased intestinal activity or 
a paralytic ileus, which makes sterilization of 
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the intestine by oral administration of anti- 
biotics very difficult. In eight such cases 500 to 
700 cc. of a 1 per cent solution of neomycin was 
given by enema daily until adequate amounts 
of the drug could be given by nasogastric tube 
[25]. Although the blood ammonia was not 
reduced as effectively when the antibiotic was 
given by enema as it was when given orally, it 
was helpful when the oral route could not be 
used. 

The reduction of increased concentrations of 
ammonia in the blood may be accomplished by 
the enhancement of the reactions by which 
ammonia is normally detoxified in the body. 
Such reactions are the synthesis of urea or 
transamination. The latter reaction may be 
enhanced by the administration of glutamic 
acid, and this amino acid, given as the mono- 
sodium salt (for reasons of solubility) has been 
used for the treatment of ammonia intoxication 
[5,6,26,27]. According to McDermott [28], it 
tends to produce a fairly rapid but only tempo- 
rary reduction of the concentration of ammonia 
in the blood. 

The administration of the amino acid argi- 
nine to patients or experimental animals in- 
creases the production of urea by the liver and 
this is accompanied by a reduction in the con- 
centration of ammonia in the blood. As a result 
of experimental verification of its efficacy 
[29,30], arginine has been added to the other 


Fic. 3. Concentrations of serum arginine in a patient with cirrhosis of the liver 
compared to normal human subjects. Twenty-five grams of arginine was given 
intravenously over a two-hour period in each instance. 


therapeutic agents that may be used for treat- 
ment of ammonia intoxication [31,32]. Arginine 
is given intravenously in doses of 20 to 25 gm. 
of L-arginine hydrochloride dissolved in 500 ml. 
of 10 per cent dextrose in water. A single 500 cc. 
infusion is given over a two- to three-hour 
period, and repeated if necessary in eight to 
twelve hours. The rate of disappearance from 
the blood of a 25 gm. dose of arginine was 
studied in a group of normal subjects as well 
as in patients with chronic liver disease asso- 
ciated with ammonia intoxication. The results 
are shown in Figure 3. This indicates that the 
levels of arginine in the blood did not return 
to normal until eight to twelve hours after the 
infusion was terminated. These experiments 
are the basis for the recommendations (given 
previously) that the dose of arginine be re- 
peated at eight- to twelve-hour intervals. 

The following regimen contains the factors 
essential for the treatment of ammonia intoxi- 
cation associated with chronic liver disease and 
gastrointestinal hemorrhage, and _ surgically 
constructed portal-systemic’ venous shunts: 
(1) limitation of protein intake; (2) control of 
gastrointestinal bleeding; (3) prompt removal 
by catharsis or lavage of blood which may have 
accumulated from hemorrhage; (4) oral ad- 
ministration of antibiotics to diminish the 
number and activity of intestinal bacteria 
which produce ammonia from nitrogenous sub- 
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TABLE I 
RESULTS OF TREATMENT OF HEPATIC COMA IN SURGICAL PATIENTS 
No. of No. Treated No. of 
Cause with without 
ients rginine) Arginine eaths 
Portal cirrhosis with gastrointestinal hemorrhage: 
18 (11 stage 3) 17 3 
Surgical portal-systemic shunts: 
64 (44 stage 3) 59 5 19 


* Eleven died as a result of uncontrolled hemorrhage. 


strates; and (5) intravenously administered 
amino acids: glutamic acid (monosodium gluta- 
mate) and arginine. 

The results of treatment of ammonia intoxi- 
cation using this regimen in sixty-four patients 
are shown in Table 1. Forty-eight patients with 
portal cirrhosis who had bleeding from the 
gastrointestinal tract and sixteen patients who 
had surgically constructed portal systemic 
vascular shunts, in whom ammonia intoxication 
developed, were treated by this method. Forty- 
four of the patients were in stupor or coma 
when the treatment was started. The over-all 
mortality rate was slightly less than 30 per cent. 
Thirty of the patients with gastrointestinal 
hemorrhage were bleeding from esophageal 
varices; fourteen of these patients died, most 
of them from uncontrolled hemorrhage. 

The results of the treatment of hepatic coma 
with this regimen may be illustrated by two 
typical cases. 


CASE REPORTS 


Case 1. A. R,, a fifty-seven year old white 
woman with known portal cirrhosis of twelve years’ 
duration, entered the hospital because of severe 
hemorrhage from the upper gastrointestinal tract. 
She was stuporous at the time of entry with a pro- 
nounced liver flap and became comatose within 
four hours. A diagnosis of bleeding esophageal 
varices was made because esophageal varices had 
been diagnosed at the patient’s previous hospitali- 
zation. A Sengstaken tube was passed, gastric 
lavage was started and enemas were given. The 
blood ammonia was 293 ug./100 ml. Intravenous 
arginine therapy was started. Twenty-four hours 
later, after 75 gm. of arginine had been given, the 
blood ammonia was down to 110 yug./100 ml. and 


177 


there were definite signs of clearing of the sensorium 
in that the patient was awake although somewhat 
confused. By the following morning she was alert 
and the pre-existing liver flap had disappeared. 
There was no further evidence of bleeding and the 
Sengstaken tube was removed. The patient was 
well until two days later when she again bled from 
the esophageal varices, and it was necessary to 
replace the Sengstaken tube. The blood ammonia 
concentration increased to 231 wg./100 ml. and the 
patient became stuporous. She again responded 
favorably to arginine treatment and the blood 
ammonia concentration was decreased to 138 yg./ 
100 ml. When the Sengstaken balloon was decom- 
pressed three days later bleeding recurred from the 
varices and surgical intervention was necessary. 
Ligation of the esophageal varices was performed. 
Following the operation the blood ammonia con- 
centration increased to 267 ug./100 ml. and the 
patient lapsed into coma. Fifty grams of arginine 
was given intravenously and the patient responded 
favorably within twenty-four hours. This was asso- 
ciated with a decrease in the blood ammonia to 
126 wg./100 ml. In forty-eight hours the patient 
was fully awake and blood ammonia was 94 ug./ 
100 ml. No further bleeding occurred and within a 
week the blood ammonia was 82 yg./100 ml. 
Dietary protein was gradually increased over the 
next six days to 60 gm. per day without producing 
any rise in the concentration of the ammonia in 
the blood. The patient was discharged from the 
hospital until a vascular shunting procedure could 
be performed. (Fig. 4.) 


Case u. L. H., a forty-eight year old white 
man, had had a portacaval anastomosis performed 
five years previously for recurrent bleeding eso- 
phageal varices associated with portal hyperten- 
sion. The patient entered the hospital for a her- 
nioplasty operation; postoperatively he became 
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Fic. 5. Case 1. The effect of treatment on the clinical 
manifestations and blood ammonia concentrations in a 
patient with episodic stupor associated with a porta- 
caval shunt. 


irrational and markedly confused. Within two days 
the patient became somnolent and a characteristic 
liver flap was observed. It was supposed that “‘epi- 
sodic stupor” had developed because of an in- 
creased amount of protein in the diet, and this was 
confirmed by the fact that his blood ammonia was 
237 wg./100 ml. Fifty grams of arginine was given 
_ intravenously over the next twelve hours and dur- 
ing this period the blood ammonia concentration 


decreased to 154 pg./100 ml. and the patient’s 
sensorium cleared. Another 25 gm. of arginine was 
administered on the next day, the blood ammonia 
concentration was reduced to 110 wg./100 ml, and 
the sensorium cleared completely. A high protein 
diet consisting of 125 gm. of protein daily was 
given to the patient over the next two days and 
blood ammonia concentration increased to 214 ug./ 
100 ml. and lethargy and liver flap recurred. 
Another 50 gm. of arginine was given, following 
which the blood ammonia concentration was 
reduced to 134 ug./100 ml. associated with clearing 
of the patient’s sensorium. The diagnosis of episodic 
stupor secondary to ammonia intoxication was 
confirmed and the patient was discharged from the 
hospital on a diet that included only 35 gm. of 
protein per day. The patient was seen once in 
follow-up clinic two months Jater and stated that 
no further episodes had occurred. (Fig. 5.) 


SUMMARY 


The diagnosis of hepatic coma and its re- 
sponse to treatment was studied in sixty-four 
surgical patients with (1) chronic liver disease 
associated with gastrointestinal hemorrhage, or 
(2) surgically constructed portal-systemic ve- 
nous shunts. This syndrome should be sus- 
pected as a possible etiological factor when 
encephalopathy occurs in such patients. 

The clinical manifestations of hepatic coma 
have been described according to changes in 
the state of consciousness, motor activity and 


30 | 
= 
lz 
| 
eli if 
3 
a 
0 
178 


changes in deep tendon reflexes. These manifes- 
tations have been divided into three stages of 
encephalopathy including delirium, stupor and 
coma. 

The concentration of ammonia in the blood 
was found to correlate with the clinical progres- 
sion of hepatic coma in over go per cent of these 
cases. In some patients electroencephalographic 
changes were found to be helpful in making the 
diagnosis of hepatic coma. 

Methods for decreasing the production of 
ammonia by the action of intestinal bacteria on 
nitrogenous substrates, as well as for the con- 
trol of the concentration of this metabolite in 
the blood, were an important part of the clinical 
management of hepatic coma. When gastro- 
intestinal hemorrhage was the precipitating 
cause of hepatic coma, control of bleeding and 
prompt removal of the accumulated blood from 
the gastrointestinal tract by catharsis, gastric 
lavage and enemas were found to be essential 
in controlling the production of ammonia. The 
oral administration of broad-spectrum anti- 
biotics was also valuable in reducing the am- 
monia within the gastrointestinal tract. It was 
essential to withdraw the dietary protein com- 
pletely during the acute phase of hepatic coma, 
and in order to avoid recurrence of this syn- 
drome a limitation of protein intake often was 
necessary during the chronic state of ammonia 
intoxication. 

The amino acid arginine was used to enhance 
detoxification of ammonia within the body. In 
sixty-four patients with ammonia intoxication 
there was a prompt decrease in blood ammonia 
concentrations associated with clearing of the 
sensorium. Although over half of the patients 
were initially in deep coma, the over-all mortal- 
ity rate was only 30 per cent. 
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DISCUSSION 


Vicror RicHArps (San Francisco, Calif.): Drs. 
Najarian, Harper and McCorkle have for years 
made many valuable contributions to our under- 
standing of hepatic coma and ammonium metabo- 
lism, first in their basic studies in the research 
laboratories and now in their studies on clinical 
patients. We in San Francisco have enjoyed seeing 
their work and have benefited very much from a 
rather close association with them. 

Our own experience at Stanford with this prob- 
lem has been very limited, and I hardly feel quali- 
fied to discuss this paper. Nevertheless, in the few 
cases that we have had, we have arrived at a some- 
what different understanding of the problem of 
hepatic coma, and | would like to discuss:the prob- 
lem briefly from that line. It is slightly more com- 
plex, I think, than the authors’ presentation. 

First, I think we would all agree that the origin 
of this condition called hepatic coma is related to, 
three factors. First, there is an excessive production 
of nitrogenous substances in the gut. Second, there 
is in these cases of so-called hepatic coma some 
disturbance usually of hepatic function. Third, in 
many of these cases which occur following either 
gastrointestinal bleeding or previous portacaval 
procedures or shunting procedures, it is quite clear 
- that there must be some sort of a shunting mecha- 
nism between the portal system and systemic sys- 
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tem that allows the passage of toxic substances 
(1 use the word “toxic substances”’ instead of am- 
monia) into the systemic circulation. 

Ammonia is incriminated for two main reasons. 
First, we have the ornithine-citrulline-arginine 
cycle in the liver, which picks up ammonia and 
converts it to urea, which is then excreted. Second, 
the other area in the body in which ammonia is 
actively related to metabolism is the brain. An 
excess of ammonia, in theory, should break up the 
Krebs cycle of oxidative metabolism, convert 
glutamic acid to glutamine and thereby prevent 
oxidative metabolism in the brain and the possi- 
bility of coma. 

If these things were true you would expect to find 
elevation of blood ammonia and more glutamine in 
the spinal fluid. The question is, what is the evi- 
dence that is brought to bear on these two points? 

When their work was first known to me I went 
to our clinical laboratory people and said, “‘How 
about this? Why don’t we do some work on it?” 
The answer which they gave a few years ago, and 
which they still gave last week, is that there is not a 
reliable way of doing blood ammonia determina- 
tions. I looked into this and apparently the objec- 
tion to doing blood ammonia determinations is that 
(1) ammonia is a very low substance in the blood 
originally; (2) as the blood stands, the ammonia 
is released from certain components of the blood; 
and (3) people who have studied it extensively, 
even with very refined technics, have not in all 
their series demonstrated a relationship between 
blood ammonia and the clinical picture which has 
been so vividly described by the authors. 

We would agree entirely with the entire discus- 
sion of the appearance of the clinical picture. 

As a result of these points, I think it is to the 
credit of Drs. Najarian, Harper and McCorkle that 
the surgical department personnel have gone to 
the trouble of setting up a method for analysis of 
ammonia. I would like to hear a bit more about this 
and be reassured that they are satisfied with the 
method of ammonia determination. As I have said, 
the people who have studied glutamine in spinal 
fluid have never come up with a constant increase 
in spinal fluid glutamine in hepatic coma. Similarly 
others, such as Sheila Sherlock, who have studied 
many cases of hepatic coma, have never completely 
correlated blood ammonia with the degree of coma, 
although generally there is a close correlation just 
as there is with the blood urea and uremia. 

Nevertheless, this is a correlation, not proved 
yet as a causal relationship. 

I would think that as a result of this information 
and the fact that some of these patients recover 
very rapidly and others have additional problems 
of fluid and electrolyte disturbance (additional 
problems with their kidneys, the so-called hepato- 
renal syndrome) a better way of describing this 
might be to call it portal-systemic encephalopathy. 
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Once we use this term, instead of attributing it to 
ammonia alone, the manifestations of the clinical 
picture might be a little clearer. 

| think that the concept of portal-systemic en- 
cephalopathy in which there are three components 
—the bowel, the liver and the by-pass—is slightly 
better physiologically than attributing it to one 
substance alone. 

Other than this slight disagreement, I would say 
that we are in total agreement with everything else 
that has been said. The therapy, of course, falls 
exactly along the lines that the authors demon- 
strated. It is interesting that glutamic acid has not 
been as effective in therapy as has arginine. In 
theory, if the cause of the difficulty were in the 
liver, | suppose arginine would be more apt to 
work. If the cause of the difficulty were in the 
brain, you would expect glutamate to work but 
this has not proved to be true in practice. 

The results of arginine have been striking in the 
authors’ hands. We have had relatively little ex- 
perience with it. Unfortunately we have tried it 
only in desperate cases, and the patients died of 
hepatic coma and other fluid electrolyte and renal 
problems despite the fact that in two or three cases 
we have administered arginine. 

| am very indebted to Drs. Najarian, Harper and 
McCorkle for their report. I have learned a great 
deal from studying and reading their paper, and 
I think that this is a real, sound and original con- 
tribution in a very complex field of surgical 
metabolism. 

ARTHUR C, Pattison (Pasadena, Calif.): Of all 
the shunt procedures that we have performed at 
County Hospital (approximately 120), we know 
of only six instances of episodic stupor. I am sure 
that we have missed a great many of them. I 
realize that it has only been in the past four or five 
years, actually, that we have been looking for them. 

The incidence of episodic stupor following shunt 
procedures has been variously reported. Actually, 
it does not make any difference what the incident 
is. One case, 1 per cent even, would make it a very 
significant problem. 

We have been interested in this and also in the 
problem of hepatic coma. Incidentally, in the six 
patients in whom we have recognized episodic 
stupor following shunts, jaundice was not present, 
whereas in the non-shunt group (hepatic comas in 
patients who have no shunt) all had jaundice with 
the exception of three. That size group in the 
County Hospital is quite a large number. 

I was interested in the authors’ fifth approach to 
treatment, namely, the use of drugs. Drs. Balfour 
and Alexander reported our experiences with 
glutamic acid a while ago. Suffice it to say they 
could demonstrate no improvement with the use 
of glutamic acid. 

Arginine has also been studied in our group. In 
one double blind experiment the interpreters did 


not know whether the patient was given a solution 
of arginine or glucose. An attempt was made to 
divide the hepatic coma into degrees of severity. 
In this study of thirty-two patients there was no 
significant difference in the use of glucose over 
arginine or vice versa. 

As a result of a study on the arterial ammonia 
levels taken before the use of arginine and after 
using arginine, and also the same levels with glucose, 
we are not at all enthusiastic about the use either 
of glutamic acid or arginine. I would like to ask 
Dr. Najarian one question. He indicated the mor- 
tality when arginine was used and also the mortal- 
ity without therapy. I wonder if he would clarify 
the use of the term “without therapy.” Does that 
mean the same therapy as the group with arginine, 
or with none of the basic five fundamental premises 
that he outlined? 

P. Lonemire_, Jr. (Los Angeles, Calif.) : 
I would first like to compliment the authors on an 
excellent investigation. 

It is interesting to me that this series of cerebral 
symptoms may occur under three sets of circum- 
stances. First, the condition occurs in normal ani- 
mals following portacaval anastomosis, the so- 
called “meat intoxication.” There now seems to be 
sufficient evidence to conclude that these symptoms 
regularly follow portacaval anastomosis in persons 
with normal livers. This was first reported by 
McDermott, and recently three additional cases 
have been reported from Alabama. Second, the 
syndrome occurs following all three types of porta- 
caval anastomoses in humans, whether they have 
end-to-side portacaval anastomosis or splenorenal 
anastomosis. Third, it occurs in patients who have 
severe liver disease without any type of operative 
procedure. 

It seems rather remarkable that patients with 
severe liver damage, such as occurs in most patients 
with esophageal varices, can survive portacaval 
anastomosis, whereas in patients with a normal 
liver signs of ammonia intoxication will develop 
regularly. 

I think we can only conclude that during a slowly 
developing disease process, such as cirrhosis, the 
liver develops some type of compensating mecha- 
nism which permits portal blood to be shunted 
past the liver without signs of ammonia intoxica- 
tion developing in the patient. There are many 
such patients who have survived portacaval anas- 
tomosis for over five years without any signs of this 
type developing. 

When dealing with patients of this type, the 
final criterion is the total function of the liver. If 
this drops below a certain level, whether they have 
had a shunt or not, this picture still develops 
together with other signs of hepatic coma. 

In a recent review of a small series of twenty- 
eight patients who had been treated primarily by 
side-to-side anastomosis, we had three patients in 


181 


whom sufficient neurological symptoms had de- 
veloped to place them in this category. Two of 
these were treated successfully. One of them 
eventually died. 

In none of our patients did we use any drug 
therapy. Our internists are inclined to agree with 
the principles that Drs. Pattison and Richards have 
outlined in regard to the lack of therapeutic value 
of these drugs. Our patients have been treated 
primarily by low protein diets, removal of the 
blood from the alimentary tract, and by the use of 
neomycin. We have one patient who has been given 
neomycin for nine months. On repeated occasions 
when an attempt has been made to stop neomycin 
neurological difficulties have developed. 

Joun S. NAJARIAN (closing): I should like to take 
this opportunity to thank the Association for the 
privilege of presenting this paper and also to thank 
the discussers for their comments. 

First, to attempt to answer Dr. Richards’ ques- 
tion with respect to the chemical nature of the 
substance termed “ammonia” and its relation to 
hepatic coma would involve a lengthy discussion of 
the experimental and clinical study of ammonia 
intoxication. However, most of the investigation 
in this field, supported by adequate chemical study, 
indicates that this nitrogenous substance referred 
to by Dr. Richards is ammonium. This is supported 
by the fact that preformed ammonium in the form 
of inorganic ammonium salts is capable of repro- 
ducing all the symptoms and electroencephalo- 
graphic changes observed in hepatic coma. 

In answer to Dr. Pattison’s discussion, it was 
indicated in Table 1 that certain patients were 
treated with arginine and some were treated with- 
out arginine therapy. This latter group had the 
usual therapeutic regimen of protein limitation, 
orally administered antibiotics, and control of 
sources of bleeding from the gastrointestinal tract, 
but they did not receive arginine. This served as a 
control group to help us with the evaluation of 
arginine. 

We have seen quite a few patients with episodic 
stupor. I believe that this is an entity that fre- 
quently goes unrecognized. These patients have 
episodes in which they may have irrational be- 
havior, and may show signs usually associated with 
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a petit mal epileptic seizure. When blood ammonia 
determinations have been made on these patients, 
we have observed that they have been increased 
above normal during the episodes. 

The effect of arginine as shown by Dr. Pattison 
was interesting. We found that immediately after 
the administration of arginine there was only a 
minimal lowering of the blood ammonia concentra- 
tion; its greatest effect was exerted about six to 
eight hours after the infusion. Therefore, it would 
be of interest to know how soon after infusion of 
arginine Dr. Pattison’s ammonia determinations 
were made. 

Dr. Longmire mentioned in his discussion that 
patients with cirrhosis are able to tolerate venous 
shunting procedures even though in many in- 
stances patients with normal liver function have 
difficulty in tolerating shunting procedures. 

In our experience we have found that patients 
who have had long-standing cirrhosis have concen- 
trations of blood ammonia that are above normal 
(i.e., above 10 to 60 wg. per cent); these patients 
become more or less accustomed to high concen- 
trations of ammonia and they can tolerate shunting 
procedures better than persons who have normal 
liver function. This is probably best shown in pa- 
tients with acute hepatic insufficiency (patients 
who have had viral hepatitis and resultant acute 
yellow atrophy). These patients presumably have 
had a normal liver function prior to their hepatitis, 
and even slight increases in blood ammonia usually 
result in very severe symptoms. We believe that 
this is because in these patients the central nervous 
system has not been exposed to an excessive load of 
ammonia prior to this particular occurrence. 

We have not used arginine or glutamic acid in 
every patient that we have seen. We have seen a 
number of cases in which protein restriction and 
antibiotics have been adequate for the treatment of 
the milder symptoms of hepatic coma. However, 
we believe that in the severe acute phases, specifi- 
cally when the patient is in coma—and irreversible 
brain damage can occur if he is left in coma—every 
possible method should be used in an effort to lower 
the blood ammonia concentration as rapidly as 
possible. In our experience this has been accom- 
plished by the use of arginine. 
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From the Department of Surgery, University of Soutbern 
California, School of Medicine, Los Angeles, California. 


HE management of acute bleeding from 
varices in the patient with 
hepatic cirrhosis continues to be a most chal- 
lenging problem. When current conservative 
measures are used approximately one-half of 
these patients succumb. This has led several 
surgeons to explore the feasibility of operative 
control of bleeding. It has been recognized, how- 
ever, that any surgical procedure of magnitude 
will not be tolerated by the cirrhotic patient 
in whom severe hepatic decompensation de- 
velops. Such a patient must be managed by 
conservative means, regardless of the persist- 
ence of uncontrolled bleeding. These are the 
patients who are mainly responsible for the 
continued high mortality from acute bleeding. 
In contrast to the foregoing situation there is 
the patient whose hepatic reserve is good, whose 
bleeding ceases spontaneously or is quickly 
controlled by conservative means. Here an 
elective operative procedure may be carried 
out at a convenient time. This is the group of 
patients who, in any reported series, survive 
their bleeding episode. Between the two ex- 
tremes just described there lies a third group 
of patients for whom an emergency operative 
procedure may prove lifesaving. These patients 
initially remain in reasonably good condition, 
but if bleeding continues or recurs, they may 
sink into lethal hepatic decompensation or 
exsanguinate. This group has not been clearly 
delineated but, in all likelihood, it is a consid- 
erably smaller group than either of the other 
two. 


CURRENT EMERGENCY PROCEDURES 


Experience with operative intervention dur- 
ing active varical bleeding has been limited but 
has been sufficient to indicate that certain pro- 


Emergency Portacaval Shunt 


WixuiaM P. MIKKELSEN, M.D., Los Angeles, California, AND ARTHUR C. PATTISON, M.D., 
Pasadena, California 


cedures cannot be relied upon to terminate 
bleeding. Into this category fall such operations 
as splenectomy, coronary vein ligation, eso- 
phageal devascularization or ligation of one or 
all of the branches of the celiac axis. While 
elective portacaval shunt is now generally 
accepted as the best means of eliminating recur- 
rent bleeding from varices, its effectiveness in 
controlling acute bleeding has remained unde- 
termined. Furthermore, this operation has been 
considered to be too formidable for these 
acutely bleeding patients. Consequently, there 
have evolved less formidable procedures de- 
signed to control bleeding temporarily and to 
be followed later by a more extensive definitive 
procedure for permanent control. 

Direct transesophageal suture of the bleeding 
varix, usually together with suture of the re- 
mainder of the visible varices in the lower 
esophagus and cardia, has received the greatest 
attention. Linton and Ellis [7] reported on 
twenty patients treated in this manner by a 
transthoracic approach. Three patients died 
immediately postoperatively and one died five 
weeks later following partial gastrectomy for 
recurrent varical bleeding. Another patient 
died fifteen months later from hepatic failure. 
The remaining fifteen patients had portacaval 
shunts of some type constructed later. The 
subsequent course of these latter patients 
was not described. Reference is not made as to 
the number of patients who re-bled before a 
definitive procedure could be carried out, al- 
though in a previous communication [2] five 
of nine survivers did re-bleed. Linton now rec- 
ommends immediate transesophageal varix 
ligation in any patient who bleeds severely 
enough to require balloon tamponade. He ad- 
mits, however, that he refuses to operate upon 
any patient who exhibits signs of “‘impending 
liver failure.” 

Hamilton’s [3] results with transthoracic 
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varix ligation have been much more discourag- 
ing. Six of eight patients so treated died in 
their immediate postoperative period. Cohn [4], 
utilizing a combined thoracoabdominal inci- 
sion, added splenectomy to transesophageal 
varix ligation. Three of his twelve cirrhotic pa- 
tients died postoperatively, and six of the nine 
who survived bled again. Welch’s [5] unsatis- 
factory experience with three transthoracic 
varix ligations led him to advocate an abdomi- 
nal approach. He reported on five patients so 
managed, three of whom died in the immediate 
postoperative period. Also utilizing an abdomi- 
nal approach, Hsii et al. [6] ligated the bleeding 
varix in five cirrhotic patients, in four of whom 
the cause was schistosomiasis. There was one 
postoperative death and one of the survivors 
bled shortly after surgery. Other authors recom- 
mending ligation of the varix but reporting no 
data are Julian [7], Cameron and Hughes [8] 
and Sanger [9]. 

Upper gastric transection, or bisection, first 
suggested by Tanner has been used by Allen 
[10] in acute bleeding. Of three patients in 
whom this procedure alone was used, two died 
postoperatively. In two additional patients 
splenorenal shunt was added to gastric transec- 
tion. Both survived but one died ten months 
later in hepatic failure. None of the five pa- 
tients had recurrent bleeding. Allen used an 
abdominal approach for the first two patients, 
but found this technically so difficult that in 
the last three patients he utilized a thoracic 
approach. 

Segmental esophagogastrectomy has been 
used a few times during acute bleeding. 
Shumacker and King [11] and Nachlas [12] each 
report one cirrhotic patient handled in this 
manner. Both patients died postoperatively. 
Rousselot et al. [73] refer to five patients 
treated by esophagogastrectomy, but do not 
give details other than to state that the ex- 
pected mortality will be 40 to 50° per cent. 
Lyons and Patton [14] also recommend this 
procedure when conservative measures fail, 
but do not report any cases. 

From the foregoing it appears that these 
temporizing procedures have failed to accom- 
plish what was intended. All have proved to be 
formidable, poorly tolerated by the cirrhotic 
patient. Further, ligation of the varix has often 
been followed by recurrent bleeding, even 


though initial control apparently had been 
achieved. 
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Despite its magnitude, portacaval shunt has 
been employed as an emergency measure in a 
few cirrhotic patients. Child [15] described 
eight such patients. Three died postoperatively 
and three who survived died from six to thirty- 
nine months later. 

O’Sullivan and Payne [16] added one patient 
to Child’s series. This patient survived but his 
follow-up was short. One of the patients who 
succumbed in the postoperative period con- 
tinued to bleed. Necropsy disclosed a throm- 
bosed anastomosis. None of the remaining eight 
patients bled after surgery. In all nine of these 
cases balloon tamponade was continued while 
the patient was taken to the operating room 
and had been effective in controlling overt 
bleeding for one to eight days prior to surgery. 
Postoperatively, balloon tamponade was con- 
tinued for one day in two patients and for 
longer periods up to eight days in the remainder. 
Criticism might be expressed in considering the 
operation as an emergency procedure in all 
these cases since bleeding had been controlled 
by tamponade for several days in some. The 
question of whether or not portal decompres- 
sion would immediately control bleeding re- 
mained unanswered, since tamponade was con- 
tinued postoperatively. Nevertheless, credit 
must be acknowledged to these authors since 
many of their patients were desperately ill and 
by recognized criteria were poor shunt candi- 
dates. Hufnagel [17] refers to portacaval shunts 
performed during acute bleeding without 
mortality but does not record any details. 
Hamilton [3] records one emergency portacaval 
shunt with recovery. 

Recognizing certain limitations of balloon 
tamponade, this however continues to be our 
treatment of choice and surgical intervention 
is avoided if possible. When properly used, 
tamponade is a very effective means of con- 
trolling bleeding. Effective use requires that 
the gastric balloon be inflated with at least 300 
to 400 cc. of air, then withdrawn with sufficient 
tension that the upper end of the gastric 
balloon is pulled up in pear-shaped fashion 
into the lower esophagus. Maintenance of this 
tension is most easily accomplished with a well 
fitting face mask to which the tube is anchored. 
Tamponade is maintained for twenty-four to 
forty-eight hours and then released. In most 
instances bleeding does not recur and an elec- 
tive portacaval shunt can be considered later. 
If bleeding recurs or is not controlled by tam- 
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ponade, a decision must be made concerning 
operative intervention. 


MATERIAL 


Dissatisfied with the magnitude and unde- 
pendability of palliative or temporizing surgical 
procedures, we have elected to utilize porta- 
caval shunt as an emergency procedure in 
eleven selected cirrhotic patients during acute 
varical bleeding. The rationale in selecting this 
operation lay in the belief that this definitive 
procedure could be accomplished with ap- 
preciably no greater stress to the patient than 
that associated with temporizing procedures. 
Further, it seemed likely that portal decom- 
pression could be relied upon to terminate 
varical bleeding immediately and permanently. 
In this group of eleven cases being reported the 
indications for emergency surgery were: in one 
case, ineffectiveness of tamponade in control- 
ling bleeding; in five cases, immediate recur- 
rence of bleeding on release of tamponade; 
in four cases, early recurrence of bleeding while 
recovering from previous hemorrhage; and in 
one case, mistaken diagnosis of bleeding peptic 
ulcer. All patients were either actively bleeding 
at the time or had bled actively within twelve 
hours of surgery. None were in coma and only 
two had exhibited encephalopathy in the days 
prior to surgery. The laboratory data quoted in 
the case reports were the most current available 
and in most cases represented the values within 
two days or less of surgery. In most instances 
vitamin K therapy had preceded the quoted 
prothrombin value. Human serum albumin 
had been used in some. In five patients the 
cirrhosis was secondary to alcoholism; in five 
it was secondary to hepatitis and in one It was 
juvenile. Liver biopsy obtained during surgery 
confirmed the diagnosis of cirrhosis in all cases. 
All patients had end-to-side portacaval shunt 
performed through a right thoracoabdominal 
incision. Portal pressures were measured by 
means of a standard saline manometer with the 
base level at the anatomical level of the portal 
vein. In every instance balloon tamponade was 
disconnected during or immediately after 
completion of the operation. 

Four alcoholic cirrhotic patients have been 
excluded from this study because overt bleed- 
ing had either not recurred or had been con- 
trolled by balloon tamponade for a period of 
five days in two and for six and seven days in 
the others. Two of these patients died post- 
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operatively and two survived. It is believed 
that too long a period had elapsed from the 
time of bleeding to consider their surgery as 
representative of the designation emergency. 


CASE REPORTS 


Case 1. A sixty-seven year old white woman 
with a duodenal ulcer and cirrhosis secondary to 
hepatitis was hospitalized on December 11, 1954, 
with her first episode of bleeding. Hepatomegaly 
and splenomegaly were present. There was no 
ascites. Laboratory data consisted of bromsul- 
phalein® retention of 25 per cent, serum albumin 
3.5 gm. per cent, prothrombin 100 per cent, thymol 
turbidity 2.6 units, cephalin floculation test 1 plus 
and total serum bilirubin 1.8 mg. per cent. Bleeding 
ceased spontaneously shortly after admission but 
recurred ten days later. Balloon tamponade im- 
mediately controlled the bleeding and it was 
released the following day, December 22nd. On the 
night of December 30th bleeding recurred. Effec- 
tive balloon tamponade was again instituted and 
the pati?nt was operated upon eight hours later on 
December 31st, with the tamponade tube in place. 
Blood réplacement prior to surgery amounted to 
4,000 cc. The operation consisted of spleno- 
portography, portacaval shunt, vagotomy and 
pyloroplasty. Because tamponade had effectively 
controlled the bleeding and no bleeding was noted 
in the duodenal ulcer, it was concluded that the 
bleeding had been varical. Portal pressure was 
reduced from 41 to 15 cm. of saline. Operating 
time was not accurately recorded. During the post- 
operative course icterus became marked but quickly 
subsided to normal. The patient was discharged on 
the sixteenth postoperative day. Her subsequent 
course was excellent until December 22, 1956, 
when she became confused for the first time. 
Hepatic coma developed and she died on December 
31, 1956, two years to the day after surgery. There 
had been no bleeding following surgery. 


Case 11. A thirty-four year old white woman 
with cirrhosis secondary to hepatitis was hospital- 
ized on November 10, 1955, with her third episode 
of bleeding. Hepatomegaly, splenomegaly and mild 
ascites were present. Laboratory data consisted of 
bromsulphalein retention of 10 per cent, serum 
albumin 3.3 gm. per cent, thymol turbidity 5 units, 
prothrombin 100 per cent and total serum bilirubin 
1.0 mg. per cent. Balloon tamponade did not con- 
trol bleeding well. Nevertheless, bleeding slowly 
ceased and in forty-eight hours the tube was re- 
moved. Severe bleeding recurred on the evening 
of November 18th. In view of the lack of successs 
with tamponade previously, the patient was oper- 
ated upon immediately without insertion of a 
tamponade tube. Blood replacement prior to sur- 
gery was 8,500 cc. Portacaval shunt reduced the 
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portal pressure from 50 to 17 cm. of saline. During 
the time that the portal vein was clamped the 
stomach could be seen to fill with blood from 
recurrence of acute varical bleeding. Operating 
time was two hours, fifty-five minutes. The post- 
operative course was smooth and the patient was 
discharged on the fourteenth postoperative day. 
Her subsequent course has been excellent with no 
further bleeding. At this writing her follow-up 
is twenty-seven months. 


Case 11. A sixty-seven year old white woman 
with cirrhosis secondary to hepatitis was hospital- 
ized on October 24, 1955, with her first episode of 
bleeding. The liver and spleen were not palpable. 
There was no ascites. Because of continued massive 
bleeding she was operated upon the following 
morning and a wedge resection of the stomach for a 
gastric polyp was performed. Ten days later, 
November 4th, massive bleeding recurred and she 
was immediately reoperated upon. At this opera- 
tion an empiric subtotal gastrectomy was _ per- 
formed. A liver biopsy was reported as showing 
cirrhosis. Omental vein pressure was recorded as 
30 cm. of saline. Bleeding recurred the following day 
and continued intermittently for the next five days, 
at which time balloon tamponade was instituted 
which effectively controlled the bleeding. Labora- 
tory data consisted of bromsulphalein retention of 
32 per cent, serum albumin 2.8 gm. per cent, 
prothrombin 100 per cent, thymol turbidity 1.0 
units, cephalin flocculation 2 plus and total serum 
bilirubin 1.1 mg. per cent. During the ensuing 
sixteen days tamponade was released and re- 
instituted eight times. The longest period of 
freedom from bleeding without tamponade during 
this time was about twelve hours. On two occasions 
she became irrational and disoriented, and a flap- 
ping tremor developed. At no time, however, did 
she lapse into coma. On November 24th one of us 
was called in consultation. The following morning 
tamponade was released for an x-ray study for 
varices. During this examination the patient bled 
again. Tamponade was once again instituted and 
she was operated upon that afternoon. Blood re- 
placement prior to surgery was 19,000 cc. Porta- 
caval shunt reduced the portal pressure from 33 to 
17 cm. of saline. Operating time was not accurately 
recorded. Four hours after surgery the patient 
vomited about 200 cc. of blood. Tamponade was 
once again instituted and was removed 10 hours 
later. Further bleeding did not occur. Her post- 
operative recovery in spite of all that she had been 
through was remarkably smooth and she was dis- 
charged on the thirteenth postoperative day. Her 
subsequent course during twenty-six months since 


-surgery has been characterized by occasional 


episodes of mild disorientation. Reduction in 
protein intake has improved this problem. During 
the follow-up there has been no further bleeding. 
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Case iv. A nine year old white girl with juve. 
nile cirrhosis was hospitalized on December 12, 
1955, with her first episode of bleeding. Bleeding 
continued and on December 15th successful balloon 
tamponade was instituted. The following day 
tamponade was released. On this day the patient 
lapsed into coma which persisted for two days, 
Jaundice steadily increased. Frequent right thora- 
centeses were required over the next few days, 
Hepatomegaly, splenomegaly and ascites were 
present. Laboratory data consisted of serum 
albumin 2.1 gm. per cent, prothrombin 40 per cent 
and total serum bilirubin 24.6 mg. per cent. On 
December 28th balloon tamponade was again 
required. This was released the following day. On 
December 31st bleeding recurred and tamponade 
was once again instituted and the following day 
removed. On the night of January 5, 1956, bleeding 
recurred once again. Tamponade was once again 
instituted and the patient operated upon the fol- 
lowing morning. Prior to surgery blood replace- 
ment had been 17,500 cc. Portacaval shunt reduced 
the portal pressure from 46 to 22 cm. of saline. 
Operating time was two hours, fifteen minutes. 
Following surgery there was no further bleeding, 
but within twelve hours the patient lapsed into 
coma and died twenty-four hours after surgery. 
Autopsy revealed a patent anastomosis. 


Case v. A thirty-nine year old white woman 
with cirrhosis secondary to hepatitis was hospital- 
ized on June 9, 1956, with her fifth episode of 
bleeding. Hepatomegaly and splenomegaly were 
present. There was no ascites. Laboratory data 
consisted of bromsulphalein retention of 10 per 
cent, serum albumin 3.3 gm. per cent, prothrombin 
84 per cent, cephalin flocculation 4 plus, alkaline 
phosphatase 26 Bodansky units and total serum 
bilirubin 1.1 mg. per cent. An unsuccessful attempt 
to insert the balloon tube was made. However, the 
patient stopped bleeding spontaneously in a few 
hours. On June 14th bleeding recurred and she 
was immediately operated upon without utilizing 
tamponade because of the previous unsuccessful 
attempt. Blood replacement prior to surgery was 
3,500 cc. Portacaval shunt reduced the portal 
pressure from 46 to 24 cm. of saline. Operating 
time was two hours, forty minutes. The post- 
operative course was uneventful and the patient 
was discharged on the tenth postoperative day. 
Three months later rehospitalization for two weeks 
was required for sudden development of jaundice 
that was thought to represent homologous serum 
hepatitis. Subsequently her course has been excel- 
lent without bleeding during a twenty-month 
follow-up. 


Case vi. A fifty-seven year old white man with 
cirrhosis secondary to alcoholism was hospitalized 
on September 6, 1956, with his first episode of 
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bleeding. Hepatomegaly and ascites were present. 
The spleen was not palpable. Laboratory studies 
consisted of bromsulphalein retention of 15 per 
cent, serum albumin 3.0 gm. per cent and total 
serum bilirubin 11.0 mg. per cent. Effective bal- 
loon tamponade was immediately instituted. Dur- 
ing the ensuing nine days tamponade was released 
on four occasions. Each time bleeding recurred and 
shock developed within twenty-four hours. After 
the fourth episode on September 15th the patient 
was operated upon with balloon tamponade in 
place. Blood replacement prior to surgery was 8,000 
cc. Portacaval shunt reduced the portal pressure 
from 45 to 22 cm. of saline. Operating time was 
two hours, forty minutes. Five hours after surgery 
the patient died in irreversible shock. Autopsy 
revealed a patent anastomosis. 


Casevu. A forty-eight year old white man with 
cirrhosis secondary to alcoholism was hospitalized 
on February 8, 1957, with his second bleeding 
episode. He was markedly obese with hepatomegaly 
and moderate ascites. The spleen was not palpable. 
Laboratory data consisted of bromsulphalein 
retention of 46 per cent, serum albumin 3.4 gm. 
per cent, thymol turbidity 2.6 units, prothrombin 
76 per cent and total serum bilirubin 1.6 mg. per 
cent. Bleeding ceased spontaneously but recurred 
massively four days later, on February 12th. Bal- 
loon tamponade was instituted and the patient 
taken immediately to the operating room. Blood 
replacement prior to surgery was 3,000 cc. Porta- 
caval shunt reduced the portal pressure from 50 to 
40 cm. of saline. Fifty per cent of the lumen of the 
portal vein was occluded by an organized thrombus. 
Thrombectomy was performed, but it was thought 
that not all of the proximal portion of the thrombus 
was removed. Operating time was three hours. 
The postoperative course was smooth and the pa- 
tient was discharged on the fifteenth postoperative 
day. His subsequent course was good for two 
months and he returned to part time employment. 
At this time jaundice developed and steadily 
progressed over the next month. He died in coma 
three months after surgery. Autopsy revealed a 
patent shunt with no evidence of persisting portal 
vein thrombus. Comparison of liver biopsy speci- 
men with the surgical specimen three months before 
suggested acute hepatitis, although this was 
equivocal and was read in different fashions by 
different pathologists. It, however, is believed that 
the patient succumbed to homologous serum 
hepatitis superimposed on cirrhosis. Bleeding had 
not recurred. 


Case vi. A sixty-three year old white man 
with cirrhosis secondary to alcoholism was hospital- 
ized on February 11, 1957, with his third episode of 
bleeding. Hepatomegaly and splenomegaly were 
present. Ascites was absent. Laboratory data 


consisted of serum albumin 3.0 gm. per cent, 
prothrombin 65 per cent, blood urea nitrogen 76 mg. 
per cent and total serum bilirubin 5.8 mg. per cent. 
Balloon tamponade was instituted which immedi- 
ately controlled bleeding. During the ensuing 
eleven days bleeding recurred shortly after release 
of tamponade on each occasion. On February 22th 
shortly after the fifth recurrence of bleeding, the 
patient was operated upon with ba!loon tamponade 
in place. Blood replacement prior to surgery was 
13,000 cc. Portacaval shunt reduced the portal 
pressure from 37 to 17 cm. of saline. Incidental 
cholecystectomy was carried out because of chole- 
lithiasis. Operating time was one hour, fifty-two 
minutes. Because of excessive tracheobronchial 
secretions a tracheostomy was performed the fol- 
lowing day. The patient’s course was progressively 
downhill and he died in coma on the seventh 
postoperative day. Bleeding had not recurred. 


Case 1x. A forty year old white woman with 
cirrhosis secondary to alcoholism was hospitalized 
on October 13, 1957, with her first episode of bleed- 
ing. The bleeding was manifested by melena only 
and had been continuing for several days. Hemo- 
globin on entry was 2.5 gm. per cent. Hepatomegaly 
was detected but splenomegaly and ascites were 
absent. Laboratory data consisted of bromsul- 
phalein retention of 25 per cent, serum albumin 
3.3 gm. per cent and prothrombin 62 per cent. 
Melena continued and the day after admission 
the patient was operated upon with a preoperative 
diagnosis of bleeding peptic ulcer. Blood replace- 
ment prior to surgery was 6,000 cc. Complete 
abdominal exploration, including pylorodyodenot- 
omy and gastrotomy, failed to reveal the presence 
of an ulcer. The stomach at the time of exploration 
contained no blood. The liver was obviously cir- 
rhotic, the spleen enlarged and omental vein pres- 
sure increased. Inspection of the lower esophagus 
through a sigmoidoscope revealed varices but there 
was no bleeding at this time. The decision was made 
that in all probability the source of the bleeding 
had been varices. Therefore a portacaval shunt was 
performed which reduced the portal pressure from 
38 to 17 cm. of saline. Gastrostomy was performed. 
Operating time was four hours. Mild icterus devel- 
oped postoperatively and right-sided pleural fluid 
accumulated requiring several thoracenteses. The 
patient was discharged on the twentieth postopera- 
tive day. Bleeding has not recurred in a four- 
month follow-up. 


Case x. A fifty-seven year old white woman 
with cirrhosis secondary to alcoholism was hospital- 
ized with her second bleeding episode on October 
26, 1957. A left thoracoplasty for pulmonary 
tuberculosis had been performed five years before. 
Hepatomegaly and splenomegaly without ascites 
were present. Laboratory data consisted of brom- 
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sulphalein retention of 10 per cent, serum albumin 
4.2 gm. per cent, prothrombin go per cent, alkaline 
phosphatase 2.7 Bodansky units and total serum 
bilirubin 1.4 mg. per cent. Balloon tamponade was 
instituted and it immediately controlled the bleed- 
ing. Tamponade was released forty-eight hours 
later. On the evening of October 29th severe bleed- 
ing recurred, balloon tamponade was once again 
instituted and the patient was operated upon the 
following morning. Blood replacement prior to 
surgery was 8,500 cc. Portacaval shunt reduced the 
portal pressure from 37 to 13 cm. of saline. Gastros- 
tomy and tracheostomy were also performed. 
Operating time was two hours, thirty-two minutes. 
Significant jaundice developed postoperatively 
and was slow to resolve. The patient was discharged 
on the twenty-sixth postoperative day free of 
icterus and having been active about the ward. 
She was rehospitalized three days later in light 
coma which rapidly progressed to deep coma, and 
she died seven days later (thirty-six days after 
surgery). Necropsy was refused. Bleeding had not 
recurred, 


Case x1. A nineteen year old girl with cirrhosis 
probably secondary to hepatitis (perhaps better 
classified as juvenile cirrhosis) was hospitalized on 
November 1, 1957, with her first episode of bleed- 
ing. The liver was not palpable. There was mild 
ascites and marked splenomegaly. Laboratory data 
consisted of bromsulphalein retention of 18 per 
cent, serum albumin 4.3 gm. per cent, prothrombin 
50 per cent, and total serum bilirubin 1.7 mg. per 
cent. Urinary gonadotropins were positive and it 
was estimated that gestation was of about two and 
a half months. Bleeding quickly subsided without 
the use of balloon tamponade. Elective surgery was 
scheduled for a convenient time approximately 
two weeks after admission. The day before the 
scheduled elective time, bleeding recurred. The 
patient was immediately operated upon without 
institution of balloon tamponade. Blood replace- 
ment prior to surgery was 5,000 cc. Portacaval 
shunt reduced the portal pressure from 50 to 14 cm. 
of saline. Operating time was two hours. The 
postoperative course was smooth; abortion did not 
occur and the patient was discharged on the 
eleventh postoperative day. She has retained her 
pregnancy and at this writing continues well with- 
out bleeding during the two and a half months since 
surgery. 


RESULTS AND COMMENTS 


Four of these eleven patients died in their 
early postoperative period. Of these four, 
one patient died five hours after surgery in 
irreversible shock. Another patient died twenty- 
four hours later in coma. The remaining two died 
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in coma on the seventh and _thirty-sixth 
postoperative day, respectively. Death occur- 
ring in the fourth patient is puzzling. Her 
“liver profile” indicated that she was a better 
operative candidate than any patient in the 
entire series. Her postoperative course was 
complicated by rather persistent jaundice 
which, however, cleared and she was very active 
about the ward when she was discharged on her 
twenty-sixth day. Three days later she was 
readmitted in coma, which although somewhat 
atypical of hepatic failure persisted until her 
death seven days later. Necropsy was not 
permitted. 

Late death occurred in two of the seven 
survivors. Both died in hepatic coma. One 
patient was well and asymptomatic until a few 
days before her death, two years to the day 
after surgery. The other died three months 
after surgery due to what is believed to have 
been homologous serum hepatitis superimposed 
upon alcoholic cirrhosis. Five patients are alive 
two and a half, four, twenty, twenty-six and 
twenty-seven months following surgery. 

With one exception, varical bleeding ceased 
abruptly with completion of surgery in all 
patients even though balloon tamponade was 
not employed postoperatively in any. In this 
one exception (Case 111) the patient had been 
bleeding almost continuously for thirty-two 
days and balloon tamponade had been used 
intermittently for sixteen days preceding the 
operation. Four hours after surgery hema- 
temesis of 200 cc. necessitated the reinstitution 
of tamponade for ten hours. Following removal 
of the tamponade tube at this time no further 
bleeding was encountered. The conclusion that 
portal decompression as accomplished by end- 
to-side portacaval shunt can be relied upon to 
terminate varical bleeding immediately appears 
to be warranted. 

An analysis of the postoperative deaths 
reveals two further salient features: (1) Three 
of the four deaths occurred in patients who were 
significantly jaundiced at the time of surgery. 
In none of the survivors was the total serum 
bilirubin over 1.8 mg. per cent. (2) Three of the 
five patients with alcoholic cirrhosis died, while 
none of those with cirrhosis secondary to 
hepatitis died. Child’s suspicion that alcoholic 
cirrhotic patients fare more poorly after surgery 
than those with cirrhosis due to hepatitis 
would seem to be supported by these results. 
Critical evaluation further reveals that the 


“liver profile” in the seven who survived 
categorized them, in general, as satisfactory 
candidates for elective portacaval shunt. With 
one exception such was not true of those who 
died. It would appear from this series that a 
further justifiable conclusion is that patients 
whose hepatic function indicates they would be 
satisfactory elective shunt candidates, will 
tolerate this procedure in the presence of acute 
bleeding. 

Comparison of our results with the other 
series of emergency procedures is exceedingly 
difficult. So much depends on the preoperative 
condition of the patient and this information is 
available only in the series reported by Welch 
[5], Child [15] and O’Sullivan and Payne [16]. 
Welch’s two survivors of transabdominal varix 
ligation could both be considered, on the basis of 
“liver profile,” as shunt candidates. His three 
patients who died could not be so categorized. 
The nine patients of Child and O’Sullivan and 
Payne are not as clear-cut. Three of the six who 
survived could be classified as good shunt 
candidates, while one was borderline. The two 
remaining survivors had significant jaundice 
but both had primary biliary cirrhosis, and in 
such patients jaundice does not carry the usual 
ominous significance. Of the three patients who 
died, one was borderline but two were definitely 
poor shunt candidates. 

Fifty cases of ligation of the varix have been 


published. Seventeen of these patients died. 


immediately postoperatively, representing an 
operative mortality rate of 34 per cent. Two 
deaths among the five patients subjected to 
upper gastric transection results in a 40 per 
cent mortality rate. The mortality rate for 
esophagogastrectomy was 100 per cent for 
the two recorded cases. Three deaths among 
ten recorded patients subjected to portacaval 
shunt represents a 30 per cent mortality rate. 
Four deaths among the eleven patients in this 
series having portacaval shunt represents a 
mortality rate of 36 per cent. It is hardly 
justifiable to apply percentage mortality figures 
for these small groups, but it appears that there 
is little to choose between them in this regard. 

The average operating time for portacaval 
shunt in the nine patients in which this infor- 
mation was recorded was two hours, thirty-nine 
minutes. This includes the few patients in 
whom ancillary procedures were performed. If 
the length of the operation is a measure of the 
Stress suffered by the patient, it’ would seem 
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that portacaval shunt, in this series, would 
offer no more than the temporizing procedures. 

The real purpose of any emergency operative 
procedure is to salvage a life that would other- 
wise be lost. Thus seven patients in this series 
might be considered to have been salvaged. A 
more critical evaluation of the present series, 
however, might conclude that only one patient 
was truly salvaged. This patient was Case 111. 
Her bleeding was unrelenting and surely would 
have caused her death if operative intervention 
had not been used. Perhaps Case 11 should also 
be so classified. Her bleeding was torrential 
and balloon tamponade had previously been 
unsuccessful. However, bleeding on three 
previous occasions had terminated sponta- 
neously, although admittedly none was as 
severe as the episode leading to surgery. 
Antithetically, Case x might have survived 
surgery if more time had been permitted for 
her liver function to improve. The other three 
patients who died had been certainly given an 
adequate trial by conservative means. Criticism 
cannot be directed to an operative attempt to 
control unrelenting bleeding. Nevertheless, 
none of these three patients survived. In the 
remaining five patients who survived it cannot 
be categorically assumed that bleeding would 
not have ceased quickly and permitted an 
elective procedure at a later time. 

Many cirrhotic patients who bleed, quickly 
manifest evidence of hepatic encephalopathy. 
Few if any of these patients will tolerate any 
type of emergency surgery. From our experi- 
ence a further contraindication to emergency 
surgery is the presence of significant jaundice 
even though other evidences of hepatic failure 
are absent. An exception to this hypothesis, 
perhaps, is jaundice in primary biliary cir- 
rhosis. In this disease jaundice does not carry 
the same ominous significance that it does in 
alcoholic cirrhosis. 

The opinion has been expressed by others 
that perhaps all cirrhotic patients with acute 
bleeding should be subjected to some type of 
operative control immediately after hospitaliza- 
tion. We cannot concur in this opinion. Labora- 
tory in addition to clinical evaluation is re- 
quired in their management, and in many of 
these patients this would not be immediately 
available. Further, some patients who initially 
appear stabilized deteriorate into hepatic 
coma within twelve to twenty-four hours even 
though bleeding has been controlled by 
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tamponade. These patients would not tolerate 
emergency surgery but might be salvaged by 
conservative means for future elective surgical 
management. 

It therefore seems doubtful to us that any 
emergency surgical procedure as_ practiced 
today will significantly alter total mortality 
rates from acutely bleeding varices in cirrhotic 
patients. Admittedly, an occasional patient 
may be salvaged. If such a patient It seems 
reasonable to believe that a portacaval shunt 
will be tolerated as well as any other of the 
emergency procedures proved to be effective in 
controlling bleeding. 


SUMMARY 

Eleven cirrhotic patients had portacaval 
shunt performed during acute bleeding from 
esophagogastric varices. Four died in the post- 
operative period and two died at a later date. 
Five remain alive and have not bled again. Only 
one patient bled after surgery in spite of the 
fact that balloon tamponade was not employed 
postoperatively in any. The bleeding in this 
one patient was minor in degree. The conclusion 
that portal decompression as accomplished by 
end-to-side portacaval shunt, will in almost all 
cases immediately terminate bleeding seems 
warranted. Preoperative jaundice was an 
ominous sign with regard to survival. Compari- 
son of our results with those utilizing emergency 
temporizing procedures suggests that the 
operative mortality is little different and that 
effective control of bleeding is more likely to be 
obtained by portacaval shunt. It still remains 
doubtful that any of the emergency operations 
currently in use will significantly improve the 
total mortality for these cirrhotic patients with 
severe varical bleeding. 
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DISCUSSION 


Ray Coun (San Francisco, Calif.): It is fair to 
say that the general consensus of surgeons is that 
portacaval anastomosis is the best surgical method 
to lower the portal venous pressure. It is also fair to 
say that it is the general consensus of physiologists 
that diversion of the portal blood flow is a most 
damaging procedure with respect to function of the 
liver. The enzyme activities of the liver are the 
latest in the Jong list of functions of the liver 
which have been shown to be damaged by shunting 
procedures [1]. In fact, the most amazing feature of 
this disease to both clinician and physiologist is that 
a patient should be as clinically well as some cir- 
rhotic patients appear to be, with nothing but a 
shrunken nodular liver about one-fifth normal size 
when seen at operation. 

In the early days of this operation many pa- 
tients who were poor risks did not survive. Because 
of this fact, criteria such as that of Linton were 
established with a consequent fall in the immediate 
mortality rate. It then became the fashion to 
compare the results after operation on this highly 


1 MANNING and Dep. Management of hepatocere- 
bral intoxication. New England J. Med., 258: 62, 1958. 
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selected group of cirrhotic patients with the dire 
consequences of massive hemorrhage on the un- 
selected series of those with cirrhosis. This fallacy 
has been recognized by surgeons reporting series 
of portacaval anastomosis, the latest of whom has 
been Hallenbeck. 

From collected data of the San Francisco Hos- 
pital it can be noted that 86 per cent of the patients 
with gastrointestinal bleeding who died, did so on 
the first bleeding episode. Now of the patients who 
survived and who satisfied the usual laboratory and 
clinical criteria for portacaval anastomosis, eleven 
or roughly 30 per cent survived five years or more 
with medical therapy. 

The authors have recorded eleven cases, the 
longest follow-up being twenty-seven months. 
Only five patients survived, less than half. Obvi- 
ously the authors’ eleven cases were extremely 
poor risks and no one can state with assurance 
what their fate would have been had operation not 
been performed. I would agree with the authors 
that only in Case 11 does it really appear that 
operation was life saving and in this patient cir- 
rhosis seemed to be minimal. It would appear to 
me that the number of patients for whom porta- 
caval anastomosis is indicated is extremely small, 
and that when the operation is applied to the 
desperately ill, acute bleeder the selection of the 
proper cases would appear even more difficult, 
probably impossible. 

Jack M. Farris (Los Angeles, Calif.): Dr. Smith 
and I have been interested in this problem for some 
time and have followed the work of Drs. Mikkelsen 
and Pattison with a great deal of interest. Although 
we have had less experience with portacaval 
anastomosis, we have operated upon three such 
patients as emergencies where the balloon had been 
in place for a number of days and attempts to 
release it had been followed by recurrence of the 
hemorrhage requiring further transfusion. Because 
of the conviction that other operations do not 
approach the fundamental problem, we carried out 
emergency operations. I would like to present one 
case briefly, if I may, to support the views of Drs. 
Mikkelsen and Pattison that survival may at least 
be enhanced by emergency portacaval anastomosis 
in the exceedingly poor-risk patient.* 

This man, in his forties, had typical alcoholic 
cirrhosis and was operated upon at another hospital 
with a mistaken diagnosis of bleeding ulcer. At that 
operation the diagnosis of cirrhosis was established 
by biopsy and measurements of portal pressures. 
Following operation conservative treatment was 
instituted and during the ensuing five days an 
attempt was made to release the balloon on three 
different occasions; each attempt was followed 

* A slide was employed by Dr. Farris illustrating the 
stable pulse rate between 68 and 78 throughout porta- 
caval anastomosis at temperature of 31°c. 


by a recurrence of brisk hemorrhage requiring 
transfusion. 

At this point the patient was transferred to us via 
ambulance, a distance of about 50 miles, having 
received eighteen blood transfusions during this 
phase of his postoperative course. Actually, he was 
getting blood while being transported via amby- 
lance and during this his wound disrupted. 

He arrived, semi-stuporous, with copious amounts 
of ascitic fluid draining from his abdominal wound. 
There was also clinical jaundice. Although he 
presented what in the past would be considered 
absolute contraindications for portacaval anastomo- 
sis, it was apparent that he could not tolerate the 
balloon much longer. We were aware of cases of 
perforation of the esophagus from prolonged 
presence of the tamponade. Therefore we decided 
to operate upon him as an emergency, and with 
the conviction that portacaval anastomosis was the 
operation of choice we determined to carry it out 
under hypothermia. His preoperative pulse was 
between 120 and 130 and after one hour of cooling 
in ice it was full and strong at 68. During the opera- 
tion of about two and a half hours’ duration the 
pulse remained between 68 and 80 with a low 
temperature of 31°c. We were able to revise his 
previous wound disruption and perform an end-to- 
side portacaval anastomosis; and although there 
was some increase in his jaundice postoperatively, 
he made a surprisingly good convalescence and was 
able to be discharged from the hospital on his 
twenty-first postoperative day. He has now been 
followed up for two years and is pursuing his usual 
occupation. There has been no recurrent bleeding. 
Although observations such as this are not subject 
to scientific control, we believe that recovery in this 
patient would have been unlikely without porta- 
caval anastomosis. 

Furthermore, we believe that hypothermia has a 
definite place in the management of this type of 
case. The cooling with resultant lowering of meta- 
bolic requirements provides a logical protection to 
the liver both from the standpoint of lowering its 
metabolism and also protecting it from the trauma 
of the operation and toxic effects of anesthetic 
agents. The most important benefit, however, to be 
derived from the cooling technic is the predictable 
and consistent lowering of the pulse rate. To under- 
take a major and prolonged surgical operation in a 
patient with a preoperative pulse in excess of 120 
in the past has been fraught with hazard; the pulse 
invariably increases during the operation with a 
diminished stroke volume and cardiac output 
progressing frequently to cardiogenic shock. It 
appears that cooling nullifies the corticosteroid and 
autonomic response which in the usual patient are 
normal and acceptable defense mechanisms. When 
fever and tachycardia, however, exceed the bounds 
of homeostatic control, survival is endangered. 
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We would like to compliment the authors on the 
excellence of their presentation. 

Horace J. McCorkce (San Francisco, Calif.): I 
enjoyed Dr. Mikkelsen’s presentation and Jearned 
a great deal from it, as | have also from his recent 
publications. Last year I was able to rescue a pa- 
tient with persistent bleeding from esophageal 
varices by an operation that he apparently does not 
think too much of at this time, namely, the Tanner 
procedure. 

This young woman was at term and she began to 
bleed from esophageal varices immediately after 
the delivery of her child. She was treated with the 
Sengstaken tube over a period of about three weeks, 
and every time the tube was removed or loosened 
she would almost bleed to death. Finally we per- 
formed a laparotomy and were unable to find either 
portal or splenic vein. Her spleen had been previ- 
ously removed and there was no possibility of 
performing a portal vein decompression procedure. 

Therefore all the numerous, very large veins on 
the undersurface of the patient’s diaphragm were 
ligated and the Tanner procedure was performed. 
This was about eight months ago and she has had no 
subsequent hemorrhage. 

WiILLiAM P. MIKKELSEN (closing): I should like 
to refer to Dr. McCorkle’s suggestion of the value of 
a Tanner procedure (gastric transection). It is true 
that about two years ago we recommended this 
operation for patients with portal hypertension in 
whom major venous thrombosis prevented the 
construction of a venous shunt. Eight patients 
have been so treated. Two of these have since 
exsanguinated from recurrent bleeding and five 
others have bled severely one or more times since 
surgery. The remaining patient has not re-bled but 
persists in demonstrating large varices. This 
alarmingly poor experience has led us now to aban- 
don this operation. 

Dr. Farris’ suggestion that hypothermia would 


be of value is well taken. Certainly it has theoretical 
advantages. Hypothermia was employed with two 
patients in this series. Both succumbed, but ad- 
mittedly, both were in the poor risk category. 

Dr. Cohn for years has insisted that portacaval 
shunt does not prolong the life of these patients 
and that it does not result in lasting reduction of 
portal pressure. Nevertheless, it remains our defi- 
nite impression that life is prolonged and certainly 
that the threat of recurrent bleeding is almost 
eliminated. Persistence of reduction in portal 
pressure by end-to-side portacaval shunt is demon- 
strated in reviewing pressure studies in nine pa- 
tients before and up to ninety weeks after elective 
surgery.* Catheterization in these cases was per- 
formed by Drs. Reynolds and Redeker of the 
Department of Medicine at the University of 
Southern California. Preoperative wedged hepatic 
vein and operative portal pressures were compared 
with postoperative wedged hepatic vein pressures 
and portal pressures obtained by passage of the 
catheter through the anastomosis and out into the 
portal vein. It will be noted that following surgery 
wedged hepatic vein pressure was reduced by 
about one-third but still remained at a moderately 
hypertensive level, whereas the direct portal pres- 
sure in all instances was reduced to normal. It 
should be pointed out that after division of the 
portal vein, wedged hepatic vein pressure no longer 
reflects portal pressure and that its minimal reduc- 
tion after a shunt reflects directly the reduced 
hepatic blood flow only. 

Clinically, nearly all our shunt patients, now 
numbering over 120, have demonstrated disap- 
pearance of varices by roentgenography. Further, 
recurrent gastrointestinal bleeding has been a 
rather rare occurrence. Thus our confidence in 
end-to-side portacaval shunt continues. 

slide. 


Mikkelsen illustrated his discussion with a 
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Muscle Blood Flow in Patients with 


Arteriosclerosis Obliterans 


F. H. BENTLEY, M.D., Portland, Oregon 


HIS paper Is concerned with the attempts in 
TT aiinieal practice to relieve the symptom of 
claudication in patients with arteriosclerosis 
obliterans by the use of dilator drugs or by 
lumbar sympathectomy. The data of normal 
muscle blood flow during and after exercise, 
and after a period of circulatory arrest are re- 
viewed and are compared with corresponding 
figures in patients with claudication. It was 
found impossible to improve the maximal reac- 
tive hyperemic muscle flow (of which the pa- 
tient’s calf muscles were capable) by the use of 
dilator drugs or sympathectomy. 


METHOD 


The control of skin and muscle blood vessels 
is so different that it is of obvious importance 
to make as direct measurement as possible of 
muscle blood flow and not to use measurements 
derived from skin flow as an index of the avail- 
able circulation to muscle. Muscle blood flow 
was measured by enclosing the calf in a venous 
occlusion plethysmograph (Grant and Pearson, 
1938 [9]), in which the water was mechanically 
stirred and was maintained at 30°c. Room 
temperature was 21°c. The subject lay recum- 
bent on a couch, remaining at rest for half an 
hour before observations were begun. 

A 3 inch wide pneumatic cuff was secured 
around the knee and connected through a 
T piece to either of two reservoirs, one main- 
tained at 40 to 50 mm. Hg for collection, the 
other maintained at 220 mm. Hg to produce 
circulatory arrest. A 2 inch wide cuff was 
applied at the ankle and was inflated to a 
pressure of 220 mm. Hg thirty seconds before 
measurements of calf blood flow were begun. 

Calf blood flow was measured at rest. The 
knee cuff was then suddenly inflated to a pres- 
sure of 220 mm. Hg; three minutes later the 


pressure was swiftly released and after two 
seconds the collecting pressure applied so that 
the first record of blood flow began four seconds 
after circulation was restored to the calf. The 
collecting pressure was applied for five seconds, 
then released, and collections repeated every 
fifteen to twenty seconds for four minutes. 
Three runs were made with thirty minute rests 
between each one. With practice the drill be- 
came quite uniform and almost identical rec- 
ords were obtained from each subject in three 
successive runs except that usually the peak 
flow was not quite as high in the first run as in 
the second and third. 

Calf blood flow was calculated from the rate 
of volume increase during the first four pulsa- 
tions after the collecting pressure was applied 
and was expressed in ml. of blood per 100 ml. of 
calf per minute. As the calf consists of about 
85 per cent muscle any marked alteration in 
flow can be accepted as due to changes in 
muscle blood flow. 

Measurements of normal flow were made on 
six healthy men, aged thirty to forty years. 
The patients consisted of men aged forty to 
sixty years suffering from arteriosclerosis 
obliterans and whose chief complaint was 
claudication in the calf. 


RESULTS AND COMMENTS 


Resting calf blood flow in healthy men was 
from 1.8 to 2.4 ml. of blood/100 ml. calf/min- 
ute. In twenty-four patients with arterial 
disease, calf blood flow varied from 1.6 to 
6.5 ml. of blood/1oo ml. calf/minute, being 
generally higher in patients with the more 
severe occlusion. This apparent paradox ac- 
cords with the clinical observation of the flushed 
limb in patients with advanced arterial disease 
and is presumably due to local metabolic con- 
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trol causing peripheral arteriolar dilatation. It 
has been shown by Edholm et al. (1951) [6] that 
in occlusive vascular disease there is no corre- 
lation between the resting flow in the limb 
and the pressure in the main limb arteries. The 
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Fic. 1. Calf blood flow in a healthy man, forty-two 


years of age, at rest and during the period of reactive 
hyperemia that follows the release of a three-minute 
tourniquet. 


local arterial pressure is generally reduced com- 
pared with the normal while the resting flow 
may be reduced, normal or increased. The 
resting flow is thus not a useful assessment of 
the circulatory state of the calf. The measure- 
ment of significance is the level of blood flow 
that is achieved when the muscle exercises. 
When a healthy person exercises the calf, 
blood flow reaches 35 ml./100 ml. calf/minute 
in the moments of rest between rhythmical 
contractions or during the first seconds of 
recovery when the exercise is completed, re- 
turning to normal after several minutes. (Bar- 
croft and Dornhorst, 1949 [1], Barcroft and 
Swan, 1953 [2]). Similar figures are obtained 
during the period of reactive hyperemia that 
follows the release of a tourniquet applied to 
the leg for three minutes, a peak flow of 35 to 
40 ml./1oo ml. calf/minute, gradually falling 
to normal in about three minutes. (Fig. 1.) 
The levels of flow in exercise and after the 
release of a tourniquet are so similar that the 
reactive hyperemic flow through the calf on 
release of a three-minute tourniquet may be 
taken as equal to exercise flow and may he 
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accepted as a measure of the maximum flow of 
which the calf vessels are capable. In addition, 
any restriction of maximal reactive hyperemic 
flow compared with the normal can be ac- 
cepted as a useful measure of the severity of 
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Fic. 2. Calf blood flow during reactive hyperemia in a 
patient with claudication. Note high resting flow, 
restriction of peak, and slow fall, after the tourniquet 
was released. Compare with Figure 1. 


an occlusive vascular process (Dornhorst and 
Sharpey-Schafer, 1951 [4]). 

The stimulus for this great increase of flow 
comes from within the muscle, from the forma- 
tion and accumulation of metabolites which 
act directly on the muscle blood vessels (Lewis 
and Grant, 1925 [11], Patterson and Whelan, 
1955 [12]). The increased flow is not dependent 
on cutting off of vasoconstrictor impulses or on 
active vasodilator nerves (Grant, 1938 [8]). It 
is a direct local action of locally produced 
metabolites and it is not increased in the nor- 
mal limb by sympathectomy (Dornhorst and 
Sharpey-Schafer, 1951 [4], Beaconsfield, 1954 
[3]) or by the dilator action of adrenalin (Dorn- 
horst and Whelan, 1953 [5]). The muscle vessels 
dilate and permit this large volume of blood to 
flow through the muscle providing this volume 
can reach the active calf through the main 
arterial stems (popliteal, tibials and their chief 
branches). If these stems are partially occluded 
by sclerotic disease, then less than the desired 
maximal flow will reach and pass through the 
muscle vessels. Examples of reactive hyperemic 
flow in three patients are shown in Figures 2, 3 
and 4. 

It is seen from these figures that in patients 
with arteriosclerosis obliterans the level of 
resting muscle flow is not related to the restric- 
tion of maximal reactive hyperemic flow fol- 


et 


lowing a period of circulatory arrest. It is evi- 
dent also, that to increase the resting muscle 
flow will contribute nothing. In order to help 
a patient with claudication it is necessary to 
increase the reactive hyperemic flow and for 
this to happen two conditions are necessary: 
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Fic. 3. Calf blood flow during reactive hyperemia in a 
patient with claudication. Note high resting flow, de- 
layed rise, and restricted peak after the tourniquet was 
released. Compare with Figures 1 and 2. 


(1) The muscle vessels must be capable of dila- 
tation, and (2) the main arterial stem must be 
able to pass the large volume of blood needed 
by the active muscles. 

In arteriosclerosis obliterans the most severe 
pathological changes are within the large 
arteries, and the vessels within the muscles are 
relatively healthy and active. This can be in- 
ferred from histological examination and can 
be demonstrated physiologically. For instance, 
when a minute dose of adrenalin is injected 
intravenously it produces a transient but 
marked dilatation of muscle blood vessels and 
a temporary increase in resting muscle blood 
flow, from approximately 1.0 to 5.5 ml. blood/ 
100 ml. limb/minute (Grant and Pearson, 1938 
(9]). When this experiment is performed on a 
patient with claudication an equal dilator 
response is obtained. (Fig. 5.) If noradrenalin 
is then infused the muscle vessels constrict in 
anormal manner. (Fig. 5.) The muscle blood 
vessels are active and can dilate and contract 
well. A similar conclusion has been demon- 
strated in patients with arteriosclerosis obliter- 
ans In whom an occluded segment of main 
artery had been resected and replaced by a 
graft; postoperatively reactive hyperemic mus- 
cle flow returned to a normal figure as long as 
the graft remained patent (Gaskell, 1956 [7]). 
The essential problem is thus not in the blood 
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vessels within the muscle—it lies proximal, in 
the main stem arteries and their principal 
branches. 

It is for this reason that drugs designed to 
dilate muscle blood vessels would not be ex- 
pected to relieve claudication. Such a drug is 
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Fic. 4. Calf blood flow during reactive hyperemia in a 
patient with claudication. Note very slow rise, low peak, 
and slow fall after the tourniquet was released. Compare 
with Figures 1, 2 and 3. 


REST FLOW MC. 
8F2.5ug.iv. ADRENALIN 16y9.min. iv. NOR-ADRENALIN 
X 6 
be 
> 
is) 
a 
= 
Mins 2 3 4 5 6 


Fic. 5. Calf blood flow at rest in a patient with claudica- 
tion. Normal dilator response to an intravenous injec- 
tion of 2.5 wg. of adrenalin. Good constrictor response 
to an intravenous infusion of saline containing nor- 
adrenalin, at the rate of 16 wg. noradrenalin per minute. 


arlidin,* an adrenalin-like substance capable of 
dilating muscle blood vessels and therefore of 
increasing resting muscle blood flow (Kulz 
and Schneider, 1950 [10]). Arlidin was given to 
four patients, two receiving 6 mg. orally every 
six hours for two weeks before blood flow was 
remeasured, and two having intramuscular in- 
jections of 5 mg. as an acute experiment. Al- 
though resting calf flow was a little increased, 
in none of the four patients was there any in- 

* Arlidin, brand of nylidrin HCI, Arlington-Funk 
Laboratories, New York, New York. 
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crease in reactive hyperemic flow (Fig. 6), a 
result that might be anticipated since the 
stimulus for dilatation within the muscle is 
already adequate and the flow is as high as the 
supplying vessels will permit. A similar con- 
clusion about the value of arlidin was reached 
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Fic. 6. Calf blood flow during reactive hyperemia in a 
patient with claudication, before and thirty minutes 
after intramuscular injection of 5 mg. (1 cc.) of arlidin. 
Note increase in resting flow but no increase in reactive 
hyperemia. 


by Walder [15], who measured the amount of 


work it took to produce calf claudication in 
fifty-two patients, half of whom were receiving 
arlidin and the other half a placebo. The results 
in the two groups were quite comparable over 
a period of eight to nine weeks observation 
(Walder, 1956 [15]). 

When the main stem vessels are occluded the 
collateral channels enlarge, and if the degree 
of occlusion is a serious one a large proportion 
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of the blood flow to the limb may have to pass 
through these collateral vessels, as can readily 
be seen by arteriography and can be meas- 
ured experimentally (Dornhorst and Sharpey- 
Schafer, 1951 [4]). If the collateral channels 
could be further dilated by drugs or sympathec- 
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Fic. 7. Calf blood flow during reactive hyperemia in a 
patient with claudication, before and after a three-week 
course of priscoline, 50 mg. orally four times daily. Note 
no increase in reactive hyperemic flow. 


tomy, then enough blood might enter the limb 
to satisfy the needs of the exercising muscles 
and so relieve claudication. Drugs used for this 
purpose include priscoline®* and ilidar,®+ but 
in eight patients in which these drugs were 
tested no significant increase in_ reactive 
hyperemic muscle flow was observed. (Figs. 7, 8 

* Priscoline, brand of tolazoline HCI, Ciba Pharma- 
ceutical Products, Inc., Summit, New Jersey. 


{ Ilidar, brand of azapetine phosphate, Roche Labora- 
tories, Nutley, New Jersey. 
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Fics. 8 and 9. Calf blood flow during reactive hyperemia in two patients with claudication, 
before and after a four-week course of ilidar, 50 mg. orally three times daily. Note no increase 
in reactive hyperemic flow. 
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and g.) On the contrary, by producing a gen- 
eralized vasodilatation it was actually possible 
to reduce rather than to increase peak flow 
through the partially occluded vessels of the 
limb. (Fig. 10.) 
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Fic. 10. Calf blood flow during reactive hyperemia in a 
patient with claudication, before and at sixty-five and 
135 minutes after 50 mg. of ecolid®* by mouth. Note 
fall in blood pressure and reduction of peak of reactive 
hyperemic flow. 


It could be argued that lumbar sympathec- 
tomy should have a more powerful and selec- 
tive dilator action on the collateral vessels in 
an occluded limb than have drugs, and en- 
couraging clinical results after ganglionectomy 
are often reported. In three patients, therefore, 
blood flow during reactive hyperemia was meas- 
ured before and after sympathectomy. No in- 
crease in reactive hyperemic blood flow was 
found at one hour, one day, one week and one 
month after operation. (Fig. 11.) Similarly 
— findings were reported by Stein et al. 

(1948) [14] and Beaconsfield (1954) [3]. 

Cases may exist in which the collaterals are 
sufficiently extensive and free from disease to 
permit a useful degree of dilatation after lum- 
bar sympathectomy; Dornhorst and Sharpey- 
Schafer ( (1951) [4], measuring the collateral 
resistance in seven patients with claudication 
due to an occlusive process in the main arterial 
stem, found a sustained decrease in the col- 
lateral resistance after lumbar sympathectomy 
in two patients, indicating that in these two 
cases the collateral channels had dilated and 
remained so as a result of the operation. How- 
ever, whenever a main artery is occluded a 
powerful set of circumstances immediately 

*Ecolid, brand of chlorisondamine chloride, Ciba 


Pharmaceutical Products, Inc., Summit, New Jersey. 


exists which dilates the collaterals—the high 
arterial pressure above at the origin of the 
collateral vessels, and the lower pressure be- 
low at their junction with branches arising 
below the block. It is scarcely to be expected 
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Fic. 11. Calf blood flow during reactive hyperemia in a 
patient with claudication, before and one day and two 
months after lumbar sympathectomy (L2~—4). Similar 
records were obtained one week and one month after 
operation. Note no increase in reactive hyperemic flow. 


that removing vasoconstrictor impulses could 
greatly increase the effect of these natural 
forces. 

Sympathectomy is of proved value in dilating 
digital and skin vessels and has a useful part 
to play in the management of peripheral vascu- 
lar occlusion. However, increasing blood flow 
to the muscle in sufficient volume to meet the 
demands of active exercise is asking a lot of a 
small number of collaterals. When claims are 
encountered of improvement of claudication 
as a result of lumbar sympathectomy, it is to 
be regretted when no objective measurement 
is made available to substantiate the claims. 
Such measurements could consist of muscle 
blood flow after exercise or circulatory arrest, 
determination of the amount of work needed to 
produce muscle pain, or measurement of the 
time taken for a standard exercise to produce 
pain, under controlled conditions. In the ab- 
sence of such objective measurement of results, 
the failure to compare the treated with a com- 
parable series of untreated patients is a further 
source of weakness, since natural regression 
and clinical improvement is a characteristic 
feature of arteriosclerotic disease affecting the 
limb (Richards, 1957 [13]). 

From the study reported herein it is con- 
cluded that when muscle blood flow is meas- 
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ured in patients with claudication due to 
arteriosclerosis obliterans, attempts to increase 
that flow to a degree useful for muscular exer- 
cise, by means of dilator drugs or sympathec- 
tomy, are largely unsuccessful and that from 
the nature of the problem, no better result is 
to be expected. 
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DISCUSSION 
Epwin J. Wywie (San Francisco, Calif.): The 


introduction of the subject of claudication and 
muscle blood flow can hardly fail to provoke dis- 
cussion. Despite the frequency with which manifes- 
tations of ischemia are encountered in clinical prac- 
tice, there persist large areas of disagreement in 
the physiologic explanation of the basic mechanisms 
involved in the production of claudication. Dr. 
Bentley is to be congratulated for adopting a quan- 
titative approach to a clinical problem and for his 
recognition of the importance of measuring maxi- 
mal rather than resting flow when studying the 
problem of exercise pain. 

Dr. Bentley has indicated the need for more pre- 
cise clinical measurements of the amount of work 
required for a standard exercise to produce claudi- 
cation. We undertook such a study in a group of 
twenty-seven patients who had arteriosclerotic 
thrombosis of major arteries to the extremities, 
Except for one instance of occlusion of the sub- 
clavian artery, all lesions obstructed major arterial 
trunks to the lower extremities. All but two of 
these lesions were proximal to the popliteal bifurca- 
tion; thirty-two were in the superficial femoral 
artery. Only those patients who reported that their 
exercise tolerance had been constant for at least 
six months were used for study. 

Baseline measurements of exercise tolerance were 
made by requiring the patient to walk with a meas- 
ured stride at the rate of one and a half paces per 
second. The patient with subclavian thrombosis 
was required to raise and lower a weight held in 
his hand by flexion of his elbow go degrees; he was 
in a sitting position and had his arm extended on a 
table. The time of appearance of muscle pain was 
recorded, as well as the time at which the patient 
was forced to stop. Repeated determinations on 
separate days showed remarkable constancy of the 
recorded times for each patient. 

Similar determinations were made after sympa- 
thetic blockade of the extremity with procaine, 
and again after surgical sympathectomy which for 
lesions of the lower extremity involved resection of 
the second, third and fourth lumbar ganglia. 

Twenty-three of the twenty-seven patients 
showed a measurable increase in exercise tolerance 
after sympathectomy. Surgical sympathectomy 
was more effective than sympathetic blockade with 
procaine. Four patients were able to walk for more 
than fifteen minutes at the end of which time the 
tests were terminated. The average preoperative 
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exercise tolerance for these four patients was 235 
seconds. The other nineteen still showed an end- 
point of exercise tolerance varying from slightly 
less than two times to six times the preoperative 
tolerance. The majority increased their exercise 
capacity following sympathectomy approximately 
twofold. The average preoperative exercise toler- 
ance in the nineteen ‘patients whose claudication 
was improved but not relieved was one hundred 
twenty-seven seconds. If claudication is caused by 
impaired muscle blood flow during exercise, then 
these clinical observations would tend to indicate 
that sympathectomy increases muscle blood flow. 

These data suggest the need for a critical review 
of the method proposed by Dr. Bentley for the 
measurement of muscle blood flow. 

Blood flow in a given area depends upon the size 
and number of vessels in the area, the proximal 
pressure of blood supplied to it and the resistance 
of the outflow tract. Dr. Bentley indicates that 
blood flow is “‘maximum” and comparable under 
the two situations of (1) heavy exercise and (2) 
reactive hyperemia following release of a tourni- 
quet. The increased blood flow in reactive hypere- 
mia comes as a result of local dilatation of the 
vascular bed and to some extent from decreased 
peripheral resistance following associated dilatation 
of the venous outflow tract. Proximal blood pres- 
sure is unaltered. In the increased muscle blood flow 
following exercise an increase of proximal pressure 
is added to these factors. If the volume of muscle 
blood flow is similar in these two situations (as 
Dr. Bentley suggests), it then follows that muscle 
vascular dilatation in exercise, being only one factor 
in increased blood flow, is less than the dilatation 
of reactive hyperemia in which local dilatation ts 
the only factor causing increased flow. 

Certainly all evidence suggests that the dilata- 
tion of blood vessels in reactive hyperemia is 
indeed ‘“‘ maximal.” If this is the case one would not 
expect sympathectomy to increase it. There is no 
evidence to suggest, however, that this artificial 
situation is reproduced in this degree in the patient 
in whom claudication develops. 

One other area of divergent opinion regarding the 
mechanisms of blood flow and sympathectomy 
deserves mention. Dr. Bentley states that the 
objective in therapy is to get enough blood down 
to the actively exercising muscle by dilatation of 
collateral vessels rather than by dilatation of the 
muscle blood vessels. In an arteriovenous fistula, 
increased local arterial flow and dilatation of 
arteries leading to the fistula are the consequence 
of the drop in pressure gradient across the fistula. 

A greater than normal gradient is similarly 
present proximal and distal to an occluded segment 
of a chronically occluded artery. The collateral 
channels visible by arteriography that by-pass an 
occluded arterial segment would appear to be the 
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result of this gradient, wherein blood flows through 
pre-existing collateral anastomoses toward the area 
of decreased pressure. The enlargement of these 
channels as they are subjected to a constant and 
large volume of flow would be analogous to the 
dilatation of arteries leading to an arteriovenous 
fistula. The progressive enlargement of collateral 
vessels that we have observed on repeated arterio- 
grams following occlusion of major arteries occurs 
during the same time that the patient is describing 
an increase in exercise tolerance, usually in the 
first six months. 

Most arterial occlusions in the lower extremity 
that cause claudication are in arterial segments 
proximal to the popliteal artery. Collateral vessels 
appear at the same level as the occlusion. The 
measurable effects of lumbar sympathectomy, how- 
ever, are in the portion of the leg distal to the 
popliteal artery. It would follow then, that the 
improvement in distal flow is not related to any 
direct effect upon the collateral channels. There 
is ample evidence to show that distal blood flow in 
the skin is increased. Our own experience indicates 
that muscle blood flow is increased. Although we 
have observed dilatation of collateral channels in 
the thigh upon arteriography following lumbar 
sympathectomy, it has been our belief that this is 
the result of a further increase in pressure gradient 
or decrease in peripheral resistance produced by 
sympathectomy. 

Victor RicHArps (San Francisco, Calif.): I en- 
joyed Dr. Bentley’s paper very much. | would like 
to recount some of the experiences we have had at 
Stanford as a result of our interest in this problem. 

I think we have all been impressed with the fact 
that sympathectomy does not help people as much 
as we would like but nevertheless the fundamental 
question still exists as to what sympathectomy does 
do (1) to skin blood flow, (2) to muscle blood flow, 
and (3) to bone blood flow? If we had some method 
of answering these questions we might be able to 
come up with some satisfactory answer about 
sympathectomy. 

I might say in theory that so far as blood flow 
is concerned, it varies with the fourth power of the 
radius of the vessels, so that any small increase in 
vessel size may in theory lead to a very large in- 
crease in the amount of flow. 

I will show you what we have tried to do in 
answering this problem, which was of interest to 
us.* A dog is stretched out on the table, and over 
the dog’s leg is a counter. We then expose the 
femoral vessels, or any vessel of the dog and inject 
into the vessel an isotope. The isotope can be a 
gamma emitter or a beta emitter. If we inject a 
gamma emitter the counter will see through the 
whole thickness of the leg so that all blood that 
flows through the leg will dilute the isotope, and 

* Dr. Richards illustrated his discussion with slides. 
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by using a gamma emitter we can measure some- 
thing which we can decide is total blood flow. 

However, if we use a beta emitter, such as P-32, 
the penetration is only 3 mm. or so and what the 
counter sees is not total blood flow but skin blood 
flow. We then have total blood flow available for 
study and skin blood flow available for study. If 
we then inject the isotope, you can see the counter 
over the thigh, the femoral artery, and the bone. 

If you inject the isotope directly into the bone, 
you have a washout direct from the bone and you 
have bone blood flow. In other words, by using a 
method of this type you can in theory measure 
total blood flow, bone blood flow and skin blood 
flow. The only thing you cannot measure directly 
is muscle, but in essence since the majority will 
enter the muscle you will have the muscle mass 
with the total blood flow. 

This slide shows the disappearance curve of the 
isotope. Here is the limb sympathectomized. Here 
is one that has not been sympathectomized, and 
you can calculate the blood turnover rate in the 
extremity by plotting these data, as | will show 
in the next slide. 

We do not have an absolute measure of flow in cc. 
What we are measuring is the rate at which the 
blood turns over as seen with the counter. 

On this slide those same data are shown plotted 
on a semi-log plot of the isotope concentration 
versus time, and you can see a very slow turnover 
rate, as evidenced by this line, a faster rate by this 
line, and the fastest rate by this. 

Using these methods, we have performed sympa- 
thectomies in dogs and have shown that as a result 
of sympathectomy the total limb turnover rate is 
increased initially by about 40 per cent at the time 
of sympathectomy, and over a period of eight 
weeks it gradually drops off but remains at the 
end of three months at about 20 per cent increase 
in total inflow. 

The same increase in bone blood flow has been 
noted and this is of interest when you recall that 
historically Royal used sympathectomy as a 
method of increasing bone length. We have re- 
cently just completed the studies of P-32 on the 
skin and we find that the same increase in blood 
flow occurs in the skin following sympathectomy. 

These are dogs and this is a method. That is all 
I can say. In theory it seems to work out that 
sympathectomy does increase total limb flow, bone 
flow and skin flow as measured by this technic. 

To paraphrase the words of Pope, “’Tis with 
our methods as our judgment. None goes just alike 
yet each believes his own.” I think this is a sound 
observation. 

J. Howarp Payne (Los Angeles, Calif.): I have 
enjoyed Dr. Bentley’s comments very much and as 
usual, his masterful style of presentation is quite 
convincing. 
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However, I was unable to decide which arteries 
were obstructed or whether vasospasm existed or 
not. It is essential that we know whether the ob- 
struction is in the large arteries or in the smaller 
vessels. Is the obstruction in the iliacs, the super- 
ficial femorals or below the knee? Are there patent 
collateral vessels and can they be dilated? Plethys- 
mographic studies can accurately locate the site of 
obstruction and establish the presence or absence 
of patent collateral vessels. Also, it can predict 
with a reasonable degree of accuracy whether 
sympathectomy is indicated or not. If vasospasm 
exists and the patient has patent collateral vessels 
which can be dilated, I am convinced a lumbar 
sympathectomy will be of value. 

Dr. Winsor and | presented a paper to this asso- 
ciation in 1955 suggesting the value of the plethys- 
mograph and indicated that a lumbar sympathec- 
tomy limited to the third lumbar dermatome in 
acute popliteal artery occlusion is of value. A 
proper sympathectomy will improve circulation in 
the patient who has a vasospastic element to his 
disease. 

Freperic H. BENTLEY (closing): I do not want 
to get too deepl ; into physiological argument for this 
is a subject in which one can argue physiological 
mechanisms as long as one likes. 

What I was anxious to do (and why I performed 
these experiments), was to get away from argument 
and just do a few observations, and the observa- 
tions came out as I showed them. Blood flow was 
not increased by the methods of treatment em- 
ployed in the patients I examined. 

Two or three small points I think are worth 
raising. If you have a series of patients with vascu- 
lar disease and you treat them by a method, and 
then re-examine them and find that their condition 
is different than before, I do not believe the differ- 
ences are valid unless you have a series of controls 
on patients preferably under the double-blind type 
of experiment in which even the surgeon does not 
know what he is trying to prove, because this is a 
very emotional subject. 

I believe it is valid to compare blood flow after 
release of a tourniquet with blood flow after exer- 
cise, and I refer you to the papers (quoted in 
the text) by Whelan and colleagues at St. Thomas’, 
who have made observations on patients by both 
methods and come out with the same general 
figures of blood flow. 

When vessels in the limb dilate, the intra- 
arterial pressure gradient is not increased but 
diminished. Such a dilatation in the more healthy 
part of a limb can actually reduce blood flow 
through the more diseased vessels by lowering the 
pressure within the main vessels. These observa- 
tions, too, are in the literature. 

I am not sure that the radioactive methods 
described by Dr. Richards will give a true correla- 
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tion with blood flow but in any case he is claiming 
to increase resting flow and that, as I have tried 
to point out, is not the problem. Unless exercise 
flow or reactive hyperemic flow is increased a pa- 
tient with claudication is not benefited. To use 
variations in resting flows as a measure of vascular 
efficiency of muscle is to miss the center of the 
problem. 

Finally, with regard to vasospasm of collaterals, 


spasm is a lovely alibi! Pickering, in a paper four 
years ago, asked doctors to stop diagnosing vascular 
spasm except in injury. He said spasm was some- 
thing that happened in the bowels and rarely in 
blood vessels. In the presence of ischemia, every 
vascular mechanism is in favor of dilatation, not 
spasm; in my own observations I do not find evi- 
dence of spasm, so that rather like the Russian in 
the story about the elephant I ask “Does it exist’’! 
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Failure and Replacement of Abdominal 
Aortic Grafts 
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ow that portions of the aorta are being 
N removed with some frequency, it would 
seem reasonable to suspect that grafts used to 
bridge the resulting defects occasionally would 
fail because of rupture or occlusion. It would 
also seem reasonable to suspect that in most 
instances failure of an aortic graft would spell 
doom for the patient. That this is not neces- 
sarily so constitutes the theme of this paper. 
The cases to be reported demonstrate that 
defective abdominal aortic grafts can be re- 
moved and replaced with reasonable success. 
These cases also provide material for studying 
the causes of failure of aortic grafts. 


CASE REPORTS 


Case 1. (Fig. 1.) A sixty-five year old man 
underwent resection of an abdominal aortic aneu- 
rysm at another hospital. A nylon bifurcation graft 
was used for reconstruction of arterial continuity. 
Evisceration of the wound occurred on the tenth 
postoperative day. After repair of the evisceration 
the femoral pulses were not palpable. Five months 
later the man was transferred to the Los Angeles 
County General Hospital. On admission the patient 
was weak and cachectic. Pulsations were absent 
in the aorta and the lower extremities. There was 
generalized atrophy and weakness of the muscles 
of the lower extremities consistent with a neural 
defect secondary to vascular insufficiency. 

Several weeks were spent in getting the patient 
in condition for an operation. At operation on 
December 20, 1955 (performed by Dr. Pierandozzi), 
bilateral femoral arteriograms showed adequate 
“‘run-off” in the branches of the femoral arteries. 
The nylon graft was completely occluded by 
thrombus as were the common iliac arteries and 
the external iliac artery on the left. The graft and 
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occluded arteries were removed and replaced with 
a freeze-dried bifurcation homograft extending 
from just below the renal arteries to the external 
iliac artery on the right and to the common femoral 
artery on the left. During the postoperative period 
dorsal pedal and posterior tibial pulses were pal- 
pated in each foot. Obstruction of the small bowel 
necessitated another operation on January 9, 1956 
at which time an adhesive band causing the ob- 
struction was severed. The patient slowly regained 
function of the lower extremities and was dis- 
charged from the hospital on March 7th. 

On August 26, 1956 (eight months after replace- 
ment of the nylon graft) the patient was readmitted 
to another service in the hospital because of col- 
lapse. Intestinal obstruction was considered as an 
admitting diagnosis but was not proved. The dorsal 
pedal pulses were absent bilaterally but all other 
pulses of the lower extremities were present. The 
patient did not recover from shock. At necropsy 
several liters of blood were in the peritoneal cavity. 
The source of bleeding could not be found. The 
homograft and the anastomoses were intact. 


Comment. It is likely that the iliac limbs 
of the nylon graft were anastomosed to sclerotic 
arteries at the original operation and that 
thrombosis occurred due to the shock incident 
to evisceration. Seven months later at reopera- 
tion the common iliac arteries were completely 
occluded by thrombus, as were the hypogastric 
arteries and the left external iliac artery. 
Residual disease was the indirect cause of graft 
failure. 


Case 11. (Fig. 2.) A fifty-seven year old man 
was admitted to the Los Angeles County General 
Hospital complaining of bilateral claudication of 
the hips and buttocks and inability to have an 
erection. General physical examination was nega- 
tive except for the absence of pulsation in the ab- 
dominal aorta and all arteries of the lower ex- 
tremities. On July 6, 1955 at operation, thrombotic 
occlusion of the abdominal aorta was found from 


5 cm. below the renal arteries to the proximal por- 
tion of each common iliac artery. The involved 
arteries were resected and a freeze-dried bifurcation 
homograft inserted. End-to-end approximation was 
made to the common iliac arteries which were noted 
to be sclerotic. A bilateral lumbar sympathectomy 
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Fic. 1. Case 1. Failure of a nylon graft due to residual 
arteriosclerosis. Replacement with a homograft. 
Successful. 


was performed. At the end of the operation femoral 
pulses were present and a faint dorsalis pedis pulse 
was palpated in the left foot. The postoperative 
course was uneventful. Claudication of the hips 
and buttocks disappeared. Bilateral claudication 
of the calves occurred on walking a half mile 
at a rapid pace. 

Fourteen months after operation, while straining 
at stool, the patient noted severe pain in the mus- 
cles of both thighs. He was admitted to a hospital 
where pulsations were found to be absent in each 
femoral artery. He was transferred to the Los 
Angeles County General Hospital by ambulance 
over a distance of 1,000 miles. On admission the 
heart rate was regular. Pulsations could not be felt 
in the aorta or in any of the arteries of the lower 
extremities. Both lower extremities were cool and 
pallid. The right foot was gangrenous. It was de- 
cided that an attempt should be made to restore 
circulation to the lower extremities. ° 


Abdominal Aortic Grafts 


203 


At operation bilateral femoral arteriograms dem- 
onstrated adequate filling of the popliteal artery 
and its branches on the left and poor filling of the 
right popliteal artery. It was believed that restora- 
tion of adequate circulation to the left lower ex- 
tremity was feasible and that improved collateral 
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Fic. 2. Case 1. Failure of a homograft due to residual 
arteriosclerosis. Replacement with a homograft. 
Successful. 


circulation might be obtained on the right. The 
homograft was found to be occluded by thrombus 
extending to the level of the inguinal ligaments 
bilaterally. An intense adhesive process about the 
graft would have made its removal hazardous. 
Through a longitudinal incision in the host aorta 
proximal to the graft, recent blood clot and or- 
ganized thrombus were removed. Some of this 
material extended upward above the renal arteries 
from which it was removed by forward flushing 
of blood on release of the occluding clamp. A side- 
to-end anastomosis was made between the host 
aorta and a new homograft which was then laid 
over the occluded graft. The iliac vessels were ex- 
tended by additional arterial segments and brought 
beneath the inguinal ligaments and anastomosed to 
the common femoral arteries. Upon release of oc- 
cluding clamps there was an excellent pulsatile 
flow in each superficial femoral artery. 

The immediate postoperative course was un- 
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eventful. Pulsations could not be palpated in the 
right popliteal artery. A faint dorsalis pedis pulse 
was palpable on the left. Because gangrene of the 
right foot slowly progressed, amputation was 
necessary. When seen in January, 1958 the patient 
was doing well. A left dorsalis pedis pulse was still 
present. 


G.D. 6,75 


ANEURYSM RESECTED 
(PARTIALLY ?) AND RE- 

PLACED WITH NYLON 
GRAFT OCT.1955 


SILK: 
SUTURE 


RESECTION of THROMBOSED 
NYLON GRAFT & ANEURYSM 
AND REPLACEMENT WITH 
THORACIC AORTIC HOMO- 
GRAFT ON 11-8-'56 


Fic. 3. Case 11. Failure of a nylon graft due to residual 
aneurysm, residual arteriosclerosis and a_ crudely 
fashioned graft. Replacement with a homograft. 
Successful. 


Comment. This patient was one of those 
with the Leriche syndrome in whom the ter- 
minal aorta was resected and replaced with a 
homograft. At present I prefer thromboend- 
arterectomy for this condition. At the time of 
the original operation it is likely that the sur- 
geon did not recognize the severity of the 
atherosclerotic process and should have in- 
cluded more of the common iliac arteries and 
possibly the external iliac arteries in his resec- 
tion. The acute thrombotic process which 
occurred suddenly fourteen months after op- 
eration probably developed on the basis of 
thrombotic occlusion in the arteriosclerotic 
external iliac arteries with upward extension 
to the renal arteries. Again, residual disease 
was the cause of failure. 
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At the second operation, the intense ad- 
hesive process about the homograft would have 
made its removal long, tedious, and hazardous 
from the standpoint of injury to the vena cava 
or common iliac veins. The overlay (or “piggy 
back”’) principle allowed the operation to be 
expedited and worked well in this case. 


Case ul. (Fig. 3.) A seventy-five year old man 
underwent resection of an arteriosclerotic abdomi- 
nal aortic aneurysm in a neighboring state in 
October, 1955. Seven months later on two occasions 
while doing heavy work, pain, numbness, and 
cyanosis of the right lower extremity developed. 
A doctor noted absent arterial pulsations in the 
right lower extremity and was preparing to send 
the patient to a neighboring city for emergency 
surgery when the symptoms cleared and the pulses 
returned. Milder similar symptoms had been noted 
in the left lower extremity which also improved. 
Subsequently, he was treated with anticoagulant 
and vasodilating drugs and had no further trouble. 
There was no intermittent claudication. 

Thirteen months after operation pain suddenly 
developed in the patient’s right hip and both lower 
extremities while he was playing golf. He was 
brought to the Harriman Jones Clinic Hospital 
complaining of pain and numbness in both lower 
extremities. There was numbness of the buttocks 
and penis. The lower extremities were pulseless, 
cool and cyanotic. Because of the history of two 
previous similar episodes followed by recovery, 
conservative therapy was tried for a few hours. 
However, there was no further improvement so 
surgery was advised. 

At operation a crudely fashioned cloth graft was 
found interposed between a portion of an aneurysm 
and the bifurcation of the aorta. The graft was 
wrinkled and folded upon itself and occluded by 
clot. The aneurysm was partially occluded. There 
was marked atherosclerosis of the common iliac 
arteries with particularly heavy calcium plaques 
at the bifurcation of each common iliac artery. The 
hypogastric, external iliac and common femoral 
arteries had minimal atherosclerotic changes. Re- 
section of the aneurysm and the prosthesis and the 
common iliac arteries proved to be unusually 
tedious because of the previous surgery. The distal 
end of each common iliac artery was cleared of 
atheroma by thromboendarterectomy. A_ freeze- 
dried thoracic aortic homograft was anastomosed 
to the abdominal aorta below the renal arteries and 
to the left common iliac artery above its bifurca- 
tion. The right common iliac artery was anasto- 
mosed to the side of the graft. Immediately after 
surgery there was evidence of return of circulation 
to the left lower extremity and a weak posterior 
tibial pulse was palpable. Although there was an 
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excellent femoral pulse on the right side, the right 
foot remained slightly cool and cyanotic and no 
pedal pulses were palpable. Nevertheless, the color 
and temperature of the right lower extremity 1m- 
proved although pulses did not return, and the 
patient had no further trouble with the right lower 
extremity nor the left. 


Comment. It is remarkable that the pros- 
thetic graft used in this instance functioned as 
long as it did. Obviously, it had been fashioned 
from nylon or other synthetic material at the 
time of the original surgery. The silk suture 
used to form the material into a tube was heavy 
and the bites large and far apart. These features 
probably contributed to thrombosis as well as 
the fact that the prosthesis was wrinkled in 
several places and partially folded upon itself 
in one place. Even more significant was the 
presence proximal to the graft of a large aneu- 
rysm partially filled with clot. Still more con- 
ducive to clot formation was the extreme 
atherosclerosis of the common iliac arteries. 

The episodes of vascular insufficiency are 
interesting to contemplate. Did the sclerotic 
common iliac arteries go into spasm? This seems 
unlikely because there was no intermittent 
claudication before or after each episode. Did 
thrombosis occur in the graft or the iliac 
arteries? This seems unlikely because after each 
episode except the last, the femoral pulses 
returned. Did the prosthetic graft actually 
become folded upon itself sufficiently to ob- 
struct blood flow for a short period of time? 
This seems likely because each episode occurred 
during rather strenuous exercise and each, ex- 
cept for the last, was transient. Also, at opera- 
tion fresh clot was found in the prosthetic graft 
and the prosthesis was partially collapsed. In 
any event a poorly fashioned prosthesis and 
residual disease in the form of an incompletely 
resected aneurysm and residual arteriosclerosis 
resulted in occlusion. 


Case tv. (Fig. 4.) A fifty-five year old man was 
admitted to the Harriman Jones Clinic Hospital 
complaining of moderate, continuous pain in the 
left upper quadrant of the abdomen and loss of 
weight. A pulsatile, expansile mass, 9 cm. in diame- 
ter was palpated in the midline of the abdomen 
above the umbilicus. At operation on January 29, 
1957 an abdominal aortic aneurysm was excised 
and replaced with a freeze-dried thoracic aortic 
homograft anastomosed to the aorta below the 
renal arteries and distally to the aorta above the 
bifurcation. 


Abdominal Aortic Grafts 


The immediate postoperative course was un- 
eventful. At 4:15 A.M. of the fourth postoperative 
day the patient cried out because of abdominal 
pain. He was found to be pale, moist and cool. 
There was no perceptible pulse or blood pressure. 
A plastic needle present in the left arm for a slow, 
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Fic. 4. Case tv. Failure of a homograft due to rupture. 
Repiacement with a homograft. Successful. 


steady intravenous drip of glucose solution was 
used for the rapid administration of 500 cc. of 
blood. The blood pressure rose to 40 mm. Hg 
systolic and the radial pulse became faintly per- 
ceptible. The patient was returned to surgery imme- 
diately. A liter or more of clotted blood was found 
in the peritoneal cavity and in the retroperitoneal 
tissues. The blood was coming from a defect in the 
homograft 4 inch proximal to the distal anastomo- 
sis. All of the anastomotic lines- were intact. An 
attempt was made to repair the rent in the homo- 
graft but sutures would not hold in the tissue. A 
linear defect 1 inch in length was found in the 
intima extending cephalad from the site of the leak. 
(Fig. 5.) The graft was transected above the crack 
in the intima but it would not hold sutures here 
either. It was necessary to remove the homograft 
and replace it with another. Because the distal 


ra 
ay 
€ 
‘. 
in 
d 5 
d, 
d 
es 
— 
1S 
al 
ia 
al 
y 
al 
1e 
y 
al 
of 
d 
d 
n 
r 
n 
205 


Gaspar 


Fic. 5. Case iv. Photomicrograph of defect in aortic homograft. Rupture 


occurred on fourth postoperative day through a longitudinal slit (inset). 
Photomicrograph shows subintimal hemorrhage, breaks in the intima and 
necrosis of the media. Elsewhere the graft showed microscopic areas of medial 


calcification. 


anastomosis originally had been made so close to 
the bifurcation, it was necessary to excise the 
bifurcation. 

The postoperative course after the second opera- 
tion was benign. The patient was able to leave the 
hospital on the tenth day after the second operation 
(the fourteenth day after the first operation). When 
seen in December, 1957 he was feeling well and was 
rid of his abdominal and back pain. His physician 
reports that he is in excellent condition. 


Comment. The original homograft undoubt- 
edly was defective when it was placed. The 
crack in the intima may have occurred when 
the graft was taken, before it was sealed in the 
tube, when the tube was broken, or during 
reconstitution of the graft. The fact that the 
graft above the intimal crack was so soft and 
unsuitable for holding sutures would seem to 
indicate that the entire graft was defective. It 
is probably unwise to depend upon any portion 
of a graft which has proved defective in one 
portion. 

The presence of a large bore needle in a vein 
for the first four or five days after major arterial 
surgery was a safeguard which was rewarding in 
this instance. Compatible blood near at hand 
was another safeguard. This combination of 
precautions allowed immediate partial restora- 
tion of blood loss which contributed materially 
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to saving the patient’s life. It is doubtful that 
a suitable vein could have been found for intra- 
venous fluids in the presence of sudden pro- 
found shock. It is also doubtful that com- 
patible blood could have been made available 
rapidly during the early morning hours. How- 
ever, with these precautions it was a simple 
matter to order the necessary steps by tele- 
phone. It was of vital importance that a suit- 
able graft was at hand for immediate use. 


Case v. (Fig. 6.) A sixty-eight year old man 
was admitted to the Los Angeles County General 
Hospital for treatment of intractable heart failure 
and diabetes mellitus. An electrocardiogram was 
normal although he had had two episodes of sudden, 
severe, crushing, substernal pain in the chest which 
did not radiate. There was a loud continuous 
machinery-like murmur throughout the abdomen 
and back with maximum intensity over the right 
side of an expansile abdominal mass. A translumbar 
aortogram using 30 cc. of 70 per cent urokon® 
showed the dye entering the aorta but not filling it 
in the usual manner. The dye was seen to be faintly 
filling a large vessel to the right of the aorta, inter- 
preted as being the inferior vena cava. 

At operation an abdominal aortic aneurysm from 
below the renal arteries to the bifurcation of the 
aorta was firmly adherent to the vena cava which 
was stretched along its right border. A marked 
thrill in the aneurysm and vena cava was of maxi- 
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mum intensity 4 cm. below the right renal artery. 
At this point the thrill could be stopped by placing 
a finger against the fistula through the wall of the 
vena cava. The fistulous opening appeared to be 
1.6 cm. in diameter. When it was closed with a 
finger the pulse rate slowed and the diastolic blood 
pressure rose (positive Nicoladoni-Branham sign). 
Because the patient did poorly when the fistula 
was left open and improved each time it was closed, 
it was believed important to cross clamp the aorta 
as soon as possible. The aneurysm was removed 
rapidly in a piecemeal fashion and the fistulous 
opening into the vena cava was closed with a con- 
tinuous silk suture. Nine minutes after the aorta 
was cross clamped the heart stopped. The chest 
was opened immediately and cardiac compression 
begun one minute after the first notice of cardiac 
arrest. Cardiac compression was not immediately 
successful. Calcium chloride and epinephrine were 
injected into the left ventricle. The heart resumed a 
satisfactory beat nineteen minutes after compres- 
sion was started. 

During this time a ireeze-dried thoracic aortic 
homograft was being anastomosed to the host aorta 
from below the renal arteries to just above the 
bifurcation. The proximal anastomosis was accom- 
plished without incident. The lower anastomosis 
was nearly completed when it was found that 
sutures would not hold in part of the graft. Then 
it was discovered that a long crack extended up- 
ward in the intima of the graft. Several attempts 
were made to patch the anastomosis and the clamp 
on the aorta was removed so that blood flow was 
re-established to the legs, but the graft bulged 
alarmingly and ruptured. It was necessary to re- 
move it and to prepare another graft which was 
anastomosed distally to the common iliac arteries. 
These maneuvers caused considerable delay during 
which time cardiac arrest again ensued. Massage 
was begun again and continued for two hours and 
ten minutes but the heart could not be restarted. 
There was no autopsy. 


Comment. Spontaneous arteriovenous fistu- 
las between the abdominal aorta and vena cava 
are rare. This was my first such case. A series of 
cases is to be reported later. Perhaps the myo- 
cardial damage was underestimated in this 
patient. The patient’s myocardium was prob- 
ably strained by an increase in blood volume 
and by the clamp across the aorta. The delay 
occasioned by the failure of the original graft, 
its removal, and the preparation and replace- 
ment of a second graft contributed to the second 
and final episode of cardiac arrest because it 
was necessary to keep the aorta clamped during 
the entire time. Again a defective graft was the 
cause of failure. ; 


Abdominal Aortic Grafts 


REMARKS 


Table 1 summarizes these cases. The original 
disease was aneurysm in two cases and throm- 
bosis in one. Two of the original grafts were 
prostheses of nylon and three were homografts. 
Thrombosis was the pathological process in the 
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HOMOGRAFT ———> 
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Fic. 6. Case v. Failure of a homograft due to rupture. 
Replacement with a homograft. Unsuccessful. 


two nylon grafts and in one homograft. Two of 
the homografts ruptured. Failure occurred over 
a wide span of time varying from the time of 
operation to fourteen months after operation. 
Three were early failures. Two, although occur- 
ring later, were the result of imperfections in 
the operative procedure and therefore should 
be considered as early failures in contradistinc- 
tion to those late failures due to degenerative 
or other changes in graft material. These re- 
marks will be confined to the causes of early 
failure. 

Aneurysm and thrombotic occlusion (Leriche 
syndrome), the two chief reasons for resection 
of the abdominal aorta, are due to arteriosclero- 
sis in the vast majority of cases. The aorta at 
the proximal level of resection is usually the 
site of thick atheromatous deposits, calcified 
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TABLE I 
SUMMARY OF GRAFT FAILURE AND REPLACEMENT 


Time of | 
Case} Original Original Disease Failure 
No. | Disease Graft in Graft (Postopera- | Cause of Failure Replacement | Results 
tively) 
1 | Aneurysm Nylon Thrombosis 10 days Residual arteriosclerosis | Bifurcation | Successful 
homograft 
1 | Occlusion Homograft | Thrombosis 14 days Residual arteriosclerosis | Bifurcation Successful 
homograft 
(piggy-back) 
ut |Aneurysm | Nylon Thrombosis 13 mo. Residual arteriosclerosis,| Thoracic Successful 
| residual aneurysm, homograft 
poorly fashioned pros- 
| thesis 
iv |Aneurysm | Homograft | Rupture 4 days Defective graft | Thoracic | Successful 
| homograft 
v |Aneurysm, | Homograft | Rupture | At operation | Defective graft | Thoracic | Died 


| A-V fistula 


homograft 


plaques and intimal ulcers. Such lesions are 
conducive to thrombosis. They should be re- 
moved by thromboendarterectomy of the cuff 
of aorta from the proximal line of resection to 
the clamp across the aorta, usually a distance 
of one or two cm. In developing grafting tech- 
nics in dogs it has been noted that clot is most 
apt to accumulate at the suture line. It seems 
logical that clot formation at the suture line 
would be more likely to develop in the presence 
of atheromatous deposits, calcium plaques and 
intimal ulcers than in the presence of a rela- 
tively smooth layer of media. 

Arteriosclerotic changes in the iliac arteries 
are even more conducive to graft thrombosis 
for they tend to slow the stream of blood, cause 
eddy currents and initiate clotting. The arterio- 
sclerotic changes usually involve the common 
iliac arteries and often the external iliac and 
femoral arteries. Thromboendarterectomy is 
satisfactory in the common iliac artery. After 
the plane of cleavage is developed, the ad- 
ventitia and outer layer of media can be peeled 
distalward as far as the bifurcation of the 
common iliac artery. The thickened intima and 
inner layer of media are then removed. Distally 
the intima must be left adherent to media, 
otherwise a flap may be left which may be dis- 
sected up by the stream of blood. If the athero- 
sclerotic changes extend into the external iliac 
or femoral arteries, it is better to by-pass these 
vessels and accomplish an end-to-side anasto- 
mosis in a relatively normal artery. 


208 


In one patient (Case 111) in this series there 
was an 8 cm. aneurysm proximal to a nylon 
graft. It may have developed after the original 
operation but it is more likely that only the 
lower part of a fusiform aneurysm had _ been 
removed. Such a _ procedure would invite 
thrombosis in the graft because of the clot 
usually present in an aneurysm. Further expan- 
sion of the aneurysm might also invite separa- 
tion of the suture line and dissection of blood 
about the graft. 

Inasmuch as residual disease was the sole 
cause of failure in two cases In this series and 
prominently responsible in another case, it 
behooves the surgeon to critically observe 
the arteries proximal and distal to a graft and to 
remove or by-pass pathological segments. This 
dictum, of paramount importance in the treat- 
ment of segmental occlusion of the iliac and 
femoral arteries; may be lost sight of in the 
treatment of lesions of the larger abdominal 
aorta. 

Prosthetic cloth grafts must be fashioned and 
fitted as perfectly as possible. They usually 
require machine sewing of the edges and the 
construction of various sizes and shapes which 
should be available at the time of operation. It 
is unusual to fashion one out of whole cloth at 
the operating table as seems to have been done 
in Case 11. Gross sewing of the edges with a 
silk suture would certainly contribute to 
thrombosis and leakage and is to be condemned. 
In this case there was marked wrinkling and 


buckling of the graft which might have been 
prevented had the graft been stretched tightly 
into place. However, the proximal aneurysm 
may have elongated and caused the graft to 
buckle. Recently, Pierpont and Blades [7] have 
reported a method of heat sealing dacron 
taffeta which allows rapid and precise construc- 
tion of prosthetic grafts during operation. The 
availability of ready-made crimped nylon 
grafts [2] would seem to make unnecessary the 
fashioning of grafts at the operating table. 

Homografts need to be fashioned well also. 
There is usually a limited range as to size and 
configuration. The surgeon’s greatest difficulty 
usually arises in fitting the proximal end of 
the graft to the proximal cut end of the aorta 
just below the renal arteries. The discrepancy 
in size can be overcome by cutting a cylindrical 
graft longitudinally and suturing the proximal 
and distal edges together so as to form a 
cylinder of greater diameter, (Fig. 7.) Length Is 
less of a problem. The tendency to make the 
graft too long is discovered soon when experi- 
ence is gained. When blood flow is restored the 
graft elongates and may bow or buckle. The 
graft must be sutured under considerable 
tension to prevent this. 

Thoracic aortic homografts provide a larger 
diameter than bifurcation grafts and can be 
fitted more easily at the proximal anastomosis. 
They are long enough to extend to the inguinal 
ligament if necessary. The distal end of the 
graft is usually anastomosed to a common or 
external iliac artery in an end-to-end fashion or 
occasionally end-to-side. The other common or 
external iliac artery is then anastomosed into 
the side of the graft (or even into the opposite 
common iliac artery) during partial occlusion 
of the graft. It is interesting to note that Dubost 
[3] used a thoracic aortic graft in the first suc- 
cessful case of resection of an abdominal aortic 
aneurysm. 

Proper selection of the graft is important. An 
obviously arteriosclerotic aorta should not be 
processed. X-ray examination of each graft, as 
noted before this Association by Payne [4], 
allows its discard if it is calcified. The graft 
must be handled carefully when it is removed 
from the donor body and throughout the freeze- 
drying process so that it will not be damaged. 
A long graft is sometimes bent within the glass 


tube. The intima may be cracked at the site of 


the bend. When the surgeon breaks the glass 
tube containing the graft, he must be careful 
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that he does not break the graft at the same 
time. This has happened with some of our dog 
arteries. There is a temptation to begin testing 
the graft as soon as it is placed in saline solu- 
tion for reconstitution. The graft must not be 
handled until it has softened. Finally the sur- 
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Fic. 7. Discrepancy in size between the host aorta and 
a homograft can be overcome by cutting a cylindrical 
graft longitudinally and suturing the proximal and 
distal edges together so as to form a cylinder of greater 
diameter. The cylinder can be “stepped down” to form 
a cone by tapering the flat sheet of aorta as shown in 
the diagram. 


geon preparing the graft should carefully 
inspect the available intimal surfaces and dis- 
card all or any part showing intimal fracture. 
Because the condition, configuration and size 
of the homograft is so important, it is essential 
that two or three grafts be available at each 
operation. 

Defective freeze-dried homografts were the 
cause of failure in two of the cases in this series. 
I have encountered four other defective homo- 
grafts. A seventy-three year old man under- 
went resection of a ruptured abdominal aortic 
aneurysm. After a freeze-dried thoracic aortic 
homograft was sutured into place, the occluding 
clamps removed and circulation restored, there 
was a sudden massive hemorrhage from a 
7 mm. longitudinal slit in the anterior wall of 
the graft. A similar accident occurred in a dog 
aortic homograft. In another case a fifty-seven 
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year old man underwent resection of a ruptured 
popliteal aneurysm and restoration of con- 
tinuity with a freeze-dried homograft. The 
graft ruptured through a 1 cm. longitudinal 
slit on the fifth postoperative day. In one of 
our dogs death occurred because of rupture of a 
homograft on the third day after operation. 
All ruptures occurred through a longitudinal 
slit. 

The entire problem of the best graft material 
for arterial substitutes has fluctuated during the 
few short years that aortic resections have been 
successful. Until recently I have had definite 
preference for freeze-dried homografts. Ob- 
servation of six cases (two patients included in 
this series, two patients mentioned above and 
two animals) in which homografts have rup- 
tured has led me to believe that homografts 
are unreliable unless some more satisfactory 
method of preparation is found. We now have 
this problem under investigation in the labora- 
tory. Synthetic grafts have not showed a 
tendency to rupture. Then too, homografts 
are not easily procured. Synthetic grafts of 
various materials and sizes are much more 
available and may be more reliable. Additional 
years of observation will probably settle this 
latter point. 

None of the patients whose cases are presented 
in this series had failure at a suture line. Such 
failure can be due to graft failure or technical 
error. As mentioned previously, proper fit of 
host vessel to graft vessel is of prime impor- 
tance. Removal of residual disease in the host 
at the site of anastomosis aids in a tight closure. 
Sutures must be placed close together. Good 
bites into tissue are better than bites only a 
millimeter from the edge. The surgeon can 
keep tension on the suture better than his 
assistant. I have found that anastomoses are 
performed most quickly and snugly when the 
assistant presents the edges to the surgeon 
with two tissue forceps and the surgeon follows 
his own suture. End-to-side stomas must be 
widely patent in order to prevent thrombosis. 

Because of immediate success in four of five 
cases in which abdominal aortic grafts were 
removed and replaced it seems justifiable to 
recommend an aggressive attitude when aortic 
grafts fail. If the graft becomes thrombosed, the 
progression of events may be so slow as to foster 
a complacent attitude. If the graft ruptures, the 
situation may be so desperate that it appears 
futile to intervene. In the future we may begin 


to see the results of late failures of grafts due 
to degenerative or other changes in homografts 
or prostheses. We should seriously consider 
replacement of the grafts providing the patient 
is In satisfactory condition for the operation. 


SUMMARY 


Residual disease is an important cause of 
failure of abdominal aortic grafts when either 
homografts or synthetic grafts are used, 
Obviously, all of an aneurysm should be re- 
sected. Residual arteriosclerosis is more easily 
overlooked but must be removed or by-passed 
because it fosters occlusion of the graft. 
Residual disease was the cause of failure in 
three of the five cases reported herein. 

2. Imperfect fashioning of grafts is another 
cause of failure. A poorly fashioned cloth 
synthetic graft was instrumental in the failure 
in one of the cases in this series. Imperfect 
anastomoses also contribute to thrombosis 
within grafts. 

3. Freeze-dried homografts appear to be 
unreliable. They must be prepared and selected 
carefully. In two cases in this series the homo- 
graft ruptured, one at operation and one on the 
fourth postoperative day. Two other ruptures 
have been seen in freeze-dried human aortic 
grafts and two have been seen in freeze-dried 
dog homografts. 

4. When abdominal aortic grafts fail, the 
entire graft should be replaced. Although this 
series is small, success in four of five cases of 


replacement indicates that an attempt should 


be made to replace abdominal aortic grafts 


which fail. 
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DISCUSSION 


J. Howarp Payne (Los Angeles, Calif.): 1 con- 
gratulate Dr. Gaspar on his excellent evaluation of 
some of the problems facing the vascular surgeon. 
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We are indebted to him for calling to our attention 
several defects in our efforts to replace diseased 
segments of the arterial system. He has demon- 
strated courage and exceptional surgical skill in 
salvaging four out of five desperately ill patients. 

For the most part I am in agreement with his 
conclusions, especially when he emphasizes the 
importance of an adequate arterial run-off which 
involves the factor of residual disease; also, that 
pathological and technical problems can be in- 
surmountable. In the surgical treatment of occlu- 
sive disease of the abdominal aorta, extension of the 
graft beyond the common iliac bifurcation will 
probably be done more often. It is becoming in- 
creasingly more evident that the common iliac 
bifurcation and the external iliac arteries are 
major sites of obstruction. 

A suitable graft must be available at all times. 
Improper preparation or premature handling of a 
homograft can ruin it. Impatience is difficult to 
overcome. No matter how well the homograft is 
prepared and lyophilized, it can be rendered useless 
if it is handled before it is completely hydrated. 
Dr. Hufnagel suggests that it is wiser to break the 
tube under saline solution so that fluid fills the 
spaces in the homograft rather than air. This 
maneuver may be important in preventing dis- 
solution in the continuity of the elastic tissue 
support of the homograft. These elastic fibers are 
the major supporting structure of the homograft. 
If we destroy their continuity and integrity prior to 
its insertion, the homograft is doomed to failure. 
The elastic tissue must remain intact for at least 
three or four months so that the host can infiltrate 
the graft walls with fibrous tissue and provide the 
support required. 

Doctor Gaspar mentioned the problem of severe 
associated cardiac disease—to this we must add 
renal disease. Oliguria or anuria has been our major 
complication. Equal in importance in immediate 
graft failure is any prolonged period of hypoten- 
sion. A low systolic blood pressure is not only 
extremely bad for coronary and renal flow but it 
will usually allow the graft to occlude due to 
thrombosis. It is desirable that at the time the graft 
is in place and blood is flowing through it, the 
systolic blood pressure must not be allowed to fall 
below 120 mm. Hg. Vasopressors and transfused 
blood are used enthusiastically to maintain the 
blood pressure. 

The complications, thrombosis or rupture of a 
graft must be treated aggressively. A questionable 
pulse usually means an absent pulse. 

Based upon an experience of over 150 homografts 
in patients over the past three and a half years, I 
find an area of disagreement with Dr. Gaspar when 
he says “the freeze-dried homograft is unreliable.” 
At the present time the freeze-dried homograft 
appears to have certain advantages and we use 
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it for the following reasons. Our bank is well 
stocked. The homograft is easier to sew into place 
than the synthetics but does require more prepara- 
tion. In our experience there have been fewer 
complications, for example, infection, thrombosis, 
and significant blood loss at the time of insertion. 
The homograft is for the most part replaced by the 
host. In the elderly patient, the homograft with its 
admitted disadvantages will last longer than the 
remaining portions of the patient’s diseased arterial 
tree. In the patient with hypertension it is distress- 
ing to see the rigid plastic prosthesis attached to 
the end of a bounding aorta. The homograft will 
give with these powerful pulsations and appears 
to be less likely to tear loose at the suture line. 

It is true that the availability and probably 
the durability of the newer synthetics cannot be 
equalled by the homograft. However, the disad- 
vantages of the synthetics, namely, lack of host 
response, frequency of rupture at the suture lines, 
immediate blood loss from leakage, infection and 
the dampening effect on the pulsatile blood flow 
resulting in thrombosis, do not allow us to say they 
are superior. The choice between a synthetic graft 
or a homograft is based on availability, the 
surgeon’s interest and not on a conviction of 
superiority. 

It is extremely unwise, at this time, to take a 
positive stand. Many investigators are actively> 
studying the various materials available for arterial 
replacement. Some of these are en oying current 
popularity. The knitted, bleached teflon prosthesis 
looks extremely good and may be the answer to this 
most interesting and yet unsolved problem. 

D. CressmMan (Palo Alto, Calif.): Dr. 
Gaspar has said that late failures will probably be 
reported and I wish to report such a case today. 

In November, 1955, a sixty-four year old man 
was seen who had pain in the back and lower 
abdomen beginning at 10:30 A.m. He was brought 
into the emergency room about noon, and it was 
evident that a catastrophe had happened to him. 
The abdomen was rigid; he had a mass in the left 
lower quadrant of the abdomen, hematomas in both 
inguinal regions and was in shock. 

The diagnosis of ruptured abdominal aneurysm 
was made and after we had obtained a homograft 
from the Stanford Medical School he was taken to 
the operating room and the ruptured aneurysm was 
excised. 

Films* show the tremendous retroperitoneal 
hematoma which we encountered. We uncovered 
the aneurysm which extended from just below the 
renal arteries to just above the bifurcation. The 
aorta was transected. A freeze-dried homograft 
obtained from a young man and apparently of 
excellent quality was inserted. 


* Dr. Cressman illustrated his discussion with slides, 
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The patient did well after his operation. Pulses 
returned and he remained well for a matter of 
eleven months. At this time he returned to the 
hospital with a complaint of pain in his back. Be- 
cause he had had a history of some urinary diffi- 
culty, intravenous urograms were taken. These 
were negative. His pain continued and finally 
abdominal exploration was performed. 

This revealed that there had been further 
aneurysmal dilatation of the aorta involving the 
renal artery region so that replacement of the graft 
was not possible. Approximately three weeks later 
the patient died. 

At autopsy we found that the posterior wall of 
the graft had ruptured. There was a large defect in 
the posterior wall, not involving either proximal 
or distal suture lines. Erosion of the lumbar 
vertebrae had been the cause of his pain. Micro- 
scopic studies showed that there had been failure 
of the elastic fibers. There were no other evident 
causes for graft failure such as cracking of the graft 
while frozen, differences in diameter, or errors in the 
processing of it as far as we could determine, so the 
cause of rupture in this case is not known. 

FRANK GERBODE (San Francisco, Calif.): I was 
very interested in this paper on homografts. Re- 
garding graft failure, in our own series of seventy- 
five aortic homografts there are only three graft 
failures and two of these were due to something 
structurally wrong with the graft. One was a little 
slit which tore sometime during the third or fourth 
postoperative day, and in looking at it, it appeared 
as though the surgeon at necropsy had perhaps cut 
it a bit as he took it out and this was not recogniza- 
ble at the time the surgeon put in the graft. It was 
possible to repair this rent. 

In another case the tie blew off an intercostal 
artery. The third graft thrombosed. 

In certain instances of apparent dissolution of a 
graft perhaps the reason may be found in poor 
elastic fibers in the graft. This could explain the 
failure in Dr. Cressman’s case. 

Our greatest source of major vessels is from young 
individuals who have died in serious accidents, 


frequently associated with violent contusion, ac- 
celeration or deceleration. 

This may not always be desirable for we know in 
such accidents there may be sufficient disruption of 
the elastic fibers as to lead to structural weakness, 
Perhaps we ought to consider the desirability of 
not taking grafts from those who have obviously 
died in severe violence because of the possibility 
that the aortic elastic fibers may have been dam- 
aged from the accident. Microscopic studies of the 
vessels would help to identify those with too severe 
damage. 

Max R. Gaspar (closing): I certainly cannot 
disagree with anything Dr. Payne said. I agree with 
him thoroughly that time will tell us the answer. 

I think Dr. Cressman’s case was interesting and | 
am sure there are many more such cases that have 
not been reported as yet and probably will be. 
It would be interesting to know exactly how many 
homografts have been used throughout the country 
and how many have failed. Dr. Gerbode had three 
failures out of seventy-five. If you look over a 
series of cases, you find sporadic reports of homo- 
grafts that have failed, and as I have said, I am 
sure there must be many more. 

Without having tried it, I rather hesitate to 
recommend that a frozen section be made of each 
homograft before it is inserted but I think it is 
possible that it might help us to determine whether 
the elastic fibers actually are present and whether 
there is any necrosis of the media, realizing of course 
that only a portion of the homograft is being 
sampled. 

I think Dr. Gerbode was fortunate to have one 
homograft repaired, the one with the slit in the 
wall. We have not had that experience. Only last 
Tuesday at the County Hospital we had a homo- 
graft which failed during surgery. It was a some- 
what desperate situation. The resident doing the 
operation decided to resect a little bit more of the 
homograft and try repair. After that was unsuc- 
cessful he had to remove all of the homograft. I 
believe it is important to remember that when any 
part of a homograft fails, all of it should be removed. 


212 


Surgical Approaches to the Popliteal Artery 


FREDERICK M. BINKLEY, M.D. AND Epwin J. WyLIE, M.D., San Francisco, California 


From the Department of Surgery, University of California 
School of Medicine, San Francisco, California. 
LTHOUGH the popliteal artery and other 
A structures in the popliteal space have been 
approached in the past by surgeons for the 
treatment of a variety of lesions, concepts of 
arterial surgery advanced in recent years have 
focused attention on the necessity of improved 
operative exposure to meet the requirements of 
newer arterial surgical technics. Formerly, 
arterial surgery in the popliteal area was 
limited to the removal of emboli or obliteration 
of aneurysms. The limits of necessary exposure 
were those of the popliteal artery itself, and 
then usually just a portion of it. The expanded 
surgical attack on arteriosclerotic occlusion or 
aneurysm employing resection and grafting 
technics, arterial bypassing or thromboendar- 
terectomy has made exposure of the entire 
popliteal artery necessary, and in many in- 
stances exposure of all or part of the proximal, 
contiguous, superficial femoral artery as well. 


It is the purpose of this report to describe 
means whereby surgical exposure of the pop- 
liteal artery can be adapted to meet the needs 
of these more extensive surgical procedures. 

The popliteal artery begins at the point of 
exit of the superficial femoral artery from the 
adductor canal. This level, when viewed on 
an anterior-posterior arteriogram, is approxi- 
mately the point where the shadow of the 
superficial femoral artery in the lower third 
of the thigh is first superimposed on the shadow 
of the femur as the artery inclines centrally 
from its position medial to the femur. The first 
third of the popliteal artery passes through 
loose fat and areolar tissue. It then enters the 
interval between the two heads of the gas- 
trocnemius muscle at a level just proximal to 
the knee joint. 

Although the popliteal artery is ordinarily 
described as terminating at its bifurcation into 
the anterior and posterior tibial arteries, the 
anterior tibial artery actually is almost a right 


Fic. 1. Alternate methods of posturing the patient for the medial approach to 
the popliteal artery. Position (A) is applicable only when the exposure does 
not need to extend more than 10 cm. proximal to the adductor canal. Position 
(B) is preferable when higher exposure is required. 


21 3 American Journal of Surgery, Volume 96, August, 1958 


ac- 
vIn 
n of 
ess, 
of 
lity 
1m- 
the 
ere 
not 
‘ith 
id | 
ave 
be. 
ny 
try 
ree 
ra 
no- 
am 
to 
ich 
is 
her 
her 
rse 
ing 
yne 
the 
ast 
10- 
ne- 
the 
the — | 


Binkley and Wylie 


Sophenous vein 
Ss mediahs muscle 


popliteal artery 
popliteal vein 


2 
Sartorius / 
/ 
tibial nerve 
1 
end of Hunter's Canal 
medial head gastrocnemius 
anterior tibsal artery 
\ 
\ 
\ 


medial head gostrocnemius (cut) 


Fic. 2. Exposure of the upper third of the popliteal artery obtainable from the medial approach. 

Fic. 3. Illustrates the means of gaining additional exposure of the proximal popliteal artery by mobilization of the 
hamstring muscle-tendon group. 

Fic. 4. Exposure of the distal popliteal artery obtained by reflecting the attachment of the gastrocnemius muscle. 
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Fic. 5. Arteriogram of normal popliteal artery. 
5 
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Fic. 6. Diagram to illustrate the distal extent of exposure (A, B, C) obtainable by the methods illus- 


trated in Figures 2, 3 and 4. 


angle branch of the main trunk; the trunk 
extends distally for another 1 to 4 cm. and 
bifurcates into the posterior tibial and peroneal 
arteries. This more distal bifurcation Is, In our 
experience, the lowest level in the arterial tree 
upon which current reconstructive arterial 
technics are practical. Below this level the 
main arterial trunks are of such small caliber 
that postoperative thrombosis is a_prohibi- 
tively frequent complication of direct surgical 
procedures. Fortunately, however, the major 
arteriosclerotic lesions in the lower extremities 


usually are in the portion of the arterial tree 
proximal to this level. 


THE MEDIAL APPROACH 

Stenotic or occlusive arteriosclerotic lesions 
that require exposure of the popliteal artery 
may involve the popliteal artery alone, but 
more frequently they are the distal extremity 
of a lesion involving the superficial femoral 
artery proximal to it. Usually, therefore, the 
portion of the arterial tree proximal to the 
adductor canal must be exposed, often to the 
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Fic. 7. Arteriogram of arteriosclerotic occlusions involving the popliteal artery. A, illustrates 
thrombosis of the superficial femoral artery, terminating in the middle of the adductor canal. 


Arteriosclerotic stenosis extends, however, to the proximal popliteal artery. By using the approach 
illustrated in Figure 2, the distal end of a femoral bypass graft was successfully anastomosed to 
the side of the proximal popliteal artery. The arteriogram in (B) shows a similar occlusion, ter- 
minating in the mid-popliteal artery proximal to the gastrocnemius muscle. Exposure was obtained 
by bypass grafting as illustrated in Figure 3. C, The arteriogram illustrates segmental thrombosis 
of the entire popliteal artery and indicates what is, by current methods, probably the lowest level 
of occlusion suitable for direct arterial operations. Note that occlusion extends beyond the take-off 


of the anterior tibial artery. 


level of the common femoral artery, to accom- 
plish the desired surgical end. Inasmuch as both 
the proximal and distal extremities of the 
arterial exposure usually must be visible at 
the same time, it is preferable to use incisions 
that do not require reposturing of the patient 
during the course of the operation. This pur- 
pose seems best served by employing a medial, 
longitudinal incision for exposure of the pop- 
liteal portion of the artery. The incision may 
be extended proximally as far as desired along 
the course of the superficial femoral artery, or 
may be used in association with a_ sepa- 
rate higher incision without repositioning the 
patient. 

If the requirements for exposure do not ex- 
tend proximal to the level of the mid-super- 
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ficial femoral artery, and if the patient is not 
excessively obese, it is less cumbersome for the 
surgeon if the patient is placed on his side 
with the involved leg down and extended. The 
uninvolved thigh is flexed on the abdomen and 
draped clear of the operative field. (Fig. 1A.) 
Moderate flexion of the knee and _ plantar 
flexion of the foot of the leg to be operated upon 
slacken the muscles and tendons about the 
knee, thereby permitting easier exposure of the 
popliteal artery. It must be emphasized that 
this position is adequate only when the opera- 
tion does not demand exposure of the super- 
ficial femoral artery for more than 10 cm. 
proximal to the adductor canal. 

In the more common form of arteriosclerotic 
occlusive disease of the popliteal artery there is 
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associated occlusion of all or most of the super- 
ficial femoral artery. For lesions of this extent 
the patient must be in the supine position for 
the proximal portion of the arterial exposure. 
With the patient’s knee flexed and the leg 
externally rotated, the medial popliteal ap- 
proach gives clear access to the entire popliteal 
artery. (Fig. 1B.) For the popliteal portion of 
the operation the surgeon will ordinarily find it 
easier to stand on the opposite side of the table. 

Figures 2, 3 and 4 illustrate the anatomic 
structures encountered when the medial ap- 
proach is used. The incision is parallel to the 
long axis of the leg, lying just posterior to the 
course of the saphenous vein. It is important 
that the saphenous vein be preserved since 
there appears to be a relatively high incidence 
of thrombosis of the popliteal vein following 
operations on the popliteal artery. Damage to 
the saphenous nerve, which frequently crosses 
the line of incision, may cause troublesome 
neuritic pain or anesthesia; this can be avoided 
by gentle retraction of the nerve. After a plane 
is developed between the vastus medialis and 
the sartorius muscle, the proximal portion of 
the popliteal artery is the first deep vascular 
structure encountered. Although distal expo- 
sure is restricted by the musculotendinous 
structures of the sartorius, semimembranosus, 
semi-tendinosus and gracilis muscles, incision 
of the fibrous tissue surrounding the popliteal 
artery will permit a considerable length of the 
distal artery to be brought forward into the 
wound. Figure 2 illustrates the extent of the 
popliteal artery that can be adequately exposed 
with this degree of dissection. 

An additional 4 to 6 cm. of popliteal artery 
may be exposed, without lengthening the skin 
incision to beyond the knee joint, by mobilizing 
this hamstring muscle-tendon group. This rela- 
tively slim tissue mass may be retracted freely, 
either anteriorly or posteriorly as the need 
arises, without cutting across it. The distal ex- 
tent of arterial exposure is thereby extended 
to the point at which the popliteal artery dips 
medial to the medial head of the gastrocnemius 
muscle. (Fig. 3.) 

Figure 4 indicates the exposure which may 
be gained of the distal portion of the popliteal 
artery which begins at the upper border of the 
medial head of the gastrocnemius muscle. This 
part of the artery may be reached by developing 
a plane between the gastrocnemius and the 
soleus, allowing retraction of the gastrocnemius 
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Fic. 8. Arteriogram of aneurysm of popliteal artery. 
Successful resection and replacement by arterial graft 
was performed through a posterior approach. 


anteriorly or posteriorly as the situation re- 
quires. Somewhat easier access to the distal 
popliteal artery may be obtained by dividing 
the gastrocnemius muscle at its ligamentous 
origin. Since the motor nerve to this muscle 
enters at a lower level, the muscle may be 
swung downward. Exposure of the artery to 
the level of the take-off of the anterior tibial 
artery is thereby obtained. Although exposure 
distal to this level is rarely necessary or prac- 
tical, it may be obtained by dividing the medial 
fibers of the soleus muscle. Although one gains 
the impression from postmortem dissection that 
the distal artery is deeply situated, careful dis- 
section in the viable extremity from the medial 
approach makes it possible to relocate tem- 
porarily almost all the popliteal artery to a 
more superficial or readily accessible position. 
(Figs. 5, 6 and 7.) 

The advantages of the medial approaches to 
various segments of the popliteal artery have 
become apparent with continuing clinical appli- 
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Fic. 9. Proximal exposure of popliteal artery through the posterior approach. Note overlying popliteal vein and 


tibial nerve. 


Fic. 10. Distal exposure of popliteal artery through the posterior approach. 


cation. The lateral position of the skin incision 
creates a minimum of scarring or contracture 
at the knee joint. Since the tibial nerve lies 
lateral and posterior to the artery, it rarely 
requires more than minimal retraction. The 
popliteal vein for most of its course lies poste- 
rior and slightly lateral to the artery. This vein, 
as it lies alongside the distal popliteal artery, is 
often bifid and tends to encircle the artery 
partially. Even so, only a portion of it must be 
disturbed in the course of mobilization of the 
artery. 

The medial approach to the popliteal artery 
has been found to be less favorable in only one 
circumstance: excision of an aneurysm of the 
popliteal artery. (Fig. 8.) Perivascular in- 
flammation may cause difficulty in freeing the 
popliteal vein and tibial nerve, both of which 
are more easily visualized when approached 
posteriorly. Accordingly, it has been our prac- 
tice to adopt the posterior approach for opera- 
tions upon popliteal aneurysms. 


THE POSTERIOR APPROACH 


The posterior approach to the popliteal 
artery (Figs. 9 and 10) has been in the past the 


one favored by most surgeons. The skin in- 
cision should be fashioned so that its mid- 
portion lies parallel to the popliteal crease. A 
medial position of the superior-vertical arm 
permits exposure of the popliteal artery to the 
adductor canal. A midline vertical incision 
posteriorly has two disadvantages. Flexion 
contracture may occasionally develop, restrict- 
ing full extension of the knee. Furthermore, 
should operative failure result in distal gan- 
grene, the customary posterior flap of a supra- 
condylar amputation will be bisected by the 
previous incision. The artery lies closer to the 
posterior surface of the leg at the popliteal 
level; for operations which will be definitely 
limited to the mid-popliteal artery this ap- 
proach is still preferred by many. As indicated 
previously, popliteal aneurysms probably are 
more safely reached from a posterior position. 

Several anatomic problems are involved in 
the posterior approach. The proximal segment 
of the artery as it emerges from the adductor 
canal, and the distal branches as they dip 
anterior to the soleus, are slightly less accessible 
because of their deeper position than is the 
middle of the artery at the level of the knee 
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joint. Extending the exposure into or proximal 
to the adductor canal can be done only with 
difficulty. As shown in Figure 9, the popliteal 
vein is encountered at a more superficial level 
and must be retracted to one side. The higher 
incidence of postoperative venous thrombosis 
we have observed following posterior opera- 
tions is probably attributable to this necessary 
maneuver. Care also must be taken to preserve 
the muscular branches of the tibial nerve as 
they pass into muscles lying on each side of 
the popliteal artery. 

Although the choice of operative approach 
to the popliteal artery will often be conditioned 
by the personal preference and experience of 
the surgeon, It seems apparent that accurate 
preoperative definition of the extent of arterial 
disease will weight the decision in any given 
situation. It has been our custom to rely 
heavily upon arteriography for this purpose. 
In patients with obstructive arterial disease 
accurate arteriography allows the surgeon to 
go directly to the desired arterial segment 
without needless exploratory dissection. In 
addition, preoperative arteriography may indi- 
cate complete inoperability; this has been our 
experience in more than 540 per cent of patients 
with femoral-popliteal occlusive arterial disease. 


SUMMARY 


Two surgical approaches to the popliteal 
artery, the medial and the posterior, are de- 
scribed. The medial approach has its greatest 
applicability in the surgical treatment of 
obstructive arteriosclerotic lesions that involve 
the popliteal artery, either primarily or as the 
distal extension of occlusion of the superficial 
femoral artery. The more superficial position 
of the popliteal artery, in relation to the tibial 
nerve and popliteal vein, aids in preventing 
damage to the latter structures. 

The posterior approach has its greatest appli- 
cability in the surgical treatment of popliteal 
aneurysms. 

DISCUSSION 


J. A. CANNON (Los Angeles, Calif.): Drs. Binkley 
and Wylie are to be highly congratulated on a most 
effective presentation of what can be considered 
to be a truly difficult problem in surgical anatomy. 
I personally am most grateful not only for the text 
but also for the most lucid and timely illustrations. 

In dealing with obliterative arterial disease in- 
volving the lower extremities it is common experi- 
ence that surgical efforts become increasingly in- 
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effective as one progresses distally. It is our present 
belief that obliterative disease of the aortic-iliac 
segment of the arterial tree has long since passed 
the waiting period required for any new procedure 
to prove its merit. Indeed, given a patent distal 
arterial tree beginning at the common femoral 
artery in obliterative aortic-iliac disease, there are 
presently very few technical impediments to the 
restoration of patency which may be encountered. 
Employing endarterectomy exclusively in such 
cases, we have come to demand of ourselves a 
100 per cent incidence of relatively long term 
success. 

The problem of femoropopliteal occlusive disease 
is certainly a different matter. The presence of 
atherosclerotic obliterative disease in the region of 
the adductor hiatus automatically indicates a very 
high potential in the patient for coronary artery 
obliterative disease. In addition if the distal super- 
ficial femoral artery is involved, the popliteal 
artery at least to its distal end is almost always 
involved to a greater or lesser degree as well. We 
have found it impossible to assess the degree of this 
involvement completely on the basis of arteriog- 
raphy alone. Since patency of the distal arterial 
tree is a prime requisite for success in direct arterial 
surgery, the precise determination of this level and 
its surgical invasion by some means is essential. 

Our own efforts to clear the middle and distal 
thirds of the popliteal artery have been limited to 
the application of the technic of blind distal strip- 
ping using the endarterectomy stripping loops 
which we have described. We have thought that 
there is a fair chance of success in this procedure if 
patency begins in the distal tree at the level of the 
bifurcation of the popliteal artery into its anterior 
and posterior tibial branches (level C of Drs. 
Binkley and Wylie). By this method we have been 
able to restore a posterior tibial pulse in several 
instances via an incision which does not extend 
beyond the popliteal skin fold. Nevertheless, it is 
our impression that those cases in which the distal 
popliteal is involved and the branches of the 
popliteal are patent are very rare. On the contrary, 
the usual pattern in distal popliteal obstruction is 
for the branches of the popliteal artery to be closed 
by beaded atheromatous occlusions with inter- 
spersed secondary clot. We have consequently 
tended in such cases to rely more and more on 
lumbar sympathectomy alone as a procedure to 
help preserve viability in the extremity. Very little 
improvement in claudication can be expected, but 
some consolation may be gained in assuming that 
it is better for the patient to have claudication in 
the legs than in the heart on a given amount of 
muscular effort. 

The obvious importance of this work is that the 
surgical anatomy of the approach is now docu- 
mented for application in the properly selected case. 
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Selection of the case will require arteriography and 
in our hands exploration as well since we have not 
been able to duplicate Dr. Wylie’s admirable results 
reliably with preoperative arteriography. 

One word of caution in this area may be timely. 
If rest pain and/or gangrene in the foot are already 
present, by far the best way to accomplish an 
amputation is by one operation of thirty minutes 
rather than by a bone-tiring three to four-hour 
procedure followed by a painful period of failure, 
mercifully ended by the thirty-minute effort which 
was inevitable with very rare exceptions. The moral 
is that we must search diligently for the exceptions 
and spare the other patients false hopes. 

Epwin J. Wy tie (closing): I think Dr. Binkley 
and I agree entirely with Dr. Cannon concerning 
the evaluation of operability of lesions of the distal 
superficial femoral and popliteal arteries. I think 
also that much of our initial enthusiasm now has to 
be tempered, in view of the frequently unsatisfac- 
tory results we are obtaining after operations upon 
such lesions. We feel much more strongly than 
Dr. Cannon and his group about the advisability 
and value of preoperative angiography. As experi- 
ence has accumulated we can now predict fairly 
accurately in the majority of patients the extent 
of arteriosclerotic change in the distal popliteal 
artery. 

Unless we do find an artery that appears on 
roentgenologic examination to be free of arterio- 
sclerotic changes, we are inclined not to attempt 
any of these methods of surgical exposure. If a 
reliable preoperative diagnosis can be made by this 


means, it is apparent that we will avoid performing 
futile explorations of the popliteal artery. It should 
be noted that exploration of the popliteal artery is 
not an innocuous procedure. The incidence of local 
venous thrombosis following extensive exploration 
of the popliteal artery has been high. 

In treating patients with rest pain or gangrene 
we have found that no more than 10 per cent of 
them have operable lesions. Inoperability has been 
largely due to extensive involvement of the pop- 
liteal artery. Even in patients with claudication 
due to lesions of the femoral artery, less than 50 per 
cent have operable lesions by the same criteria. 

Our primary objective in describing these pop- 
liteal approaches is to indicate surgical methods 
applicable to lesions that have been shown by pre- 
operative angiography to be operable. 

FrepericK M. Bink.ey (closing). Actually, | 
think that the two Universities of California, north 
and south, are in the greatest agreement on almost 
all these problems. We happen to be the two schools 
who most frequently perform endarterectomy in 
occlusive vascular disease. | think the most impor- 
tant technical factor in this procedure, as Doctor 
Wylie intimated, is that the operation be ter- 
minated in a relatively normal vessel. If we cannot 
expose a relatively normal segment of vessel dis- 
tally, endarterectomy is not advisable. 

We also want to thank Dr. Cannon for his pre- 
vious suggestion to us that we gain experience with 
the use of intraluminal strippers, and to say also 
that we have been encouraged with the results 
obtained to date with this method. 


i 
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The Use of Potassium Arrest in Open 
Cardiac Surgery 


FRANK GERBODE, M.D. AND Denis MELROSE, M.B., San Francisco, California 


From the Department of Surgery, Stanford University 
School of Medicine, San Francisco, California. 

HE usefulness of elective cardiac arrest 
f gor potassium citrate has been confirmed 
by extensive clinical trial and it now occupies a 
firm position in the armamentarium of open 
heart surgery. This usefulness, however, is 
proscribed by certain limits suggested by the 
experimental background and also by certain 
practical considerations. 

Melrose and his colleagues in 1955 [1] origi- 
nally showed in a variety of isolated perfused 
animal hearts that addition of more than 1 mg. 
per ml. of potassium citrate to the perfusate 
would cause flaccid diastolic arrest of the heart 
and that even if thereafter these hearts were 
deprived of coronary flow for as long as fifteen 
minutes recovery of normal cardiac activity 
always returned when the excess of potassium 
citrate was washed out of the myocardium. 
This was confirmed in the dog. 

The period of arrest was extended to thirty 
minutes by Baker and colleagues [2], who 
made the suggestion that even longer times 
could be expected where oxygenated blood was 
substituted for Locke’s solution. 

Bentall and Melrose [3] studied the ac- 
cumulation of lactic acid in the myocardium 
when perfused hearts were deprived of coronary 
flow. They found that prior arrest did not pre- 
vent such accumulation of lactic acid but that 
the quantity formed was less than a third of 
that formed when the ischemic heart continued 
to beat. 

They warned that the arrested heart is still 
an ischemic one and that, although reduced, 
metabolism is not abolished. Since this time a 
number of others have confirmed these results 
and amply justified a wide clinical applica- 
tion [4]. 

Elective arrest has been used clinically at 


Stanford University Hospital on thirty-four 
patients. A variety of intracardiac abnormalities 
have been treated and in no case has an arrested 
heart failed to recover. Certain practical 
steps have evolved from this experience which 
greatly facilitate the procedure. 

Preparations for stopping the heart include 
placing a purse string suture into the root of the 
ascending aorta at the proposed site of injec- 
tion. Only after an effective and total bypass 
through a heart-lung machine has been estab- 
lished should any attempt be made to stop the 
heart. At this time the heart itself should be 
partially empty; failure of the heart to shrink 
after the venous inflow from the venae cavae 
has been excluded should excite suspicion. Blood 
may be entering the heart from anomalous 
venous channels or a patent ductus arteriosus; 
in the presence of a septal defect it may 
originate from the aorta and be entering 
through an incompetent aortic valve or by way 
of a large bronchial artery anastomosis; rarely 
there may be a fistula through a sinus of 
Valsalva. Whatever the cause it should warn 
of possible difficulties in arresting the heartbeat. 

Sterile potassium citrate as a 25 per cent 
solution is used, diluted in oxygenated blood. 
This dilution is the same no matter how large or 
how small the heart, and is of one part of potas- 
sium citrate solution in nine parts of blood. 
The amount of this mixture varies a great deal 
and it is our practice to make up 100 ml. This 
is drawn into three 30 cc. syringes, two of 
which are connected through a two-way tap toa 
length of plastic tubing approximately 18 inches 
long and of 346 inch bore. At the end of this tub- 
ing is a curved 18 gauge needle. (Fig. 1.) This 
needle is so curved as to ensure accurate place- 
ment of the tip within the lumen of the aorta 
without danger of transfixion. All air within 
this system is displaced by manipulation of the 
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Fic. 1. Photograph of two 30 cc. syringes filled with one 
part potassium citrate and nine parts blood connected 
to plastic tubing and two-way tap and curved 18 gauge 
needle used for induced cardiac arrest. 


syringes and tap, which together make possible 
a rapid injection of 60 ml. The third syringe is 
kept in readiness so that should more of the 
mixture be required it may be rapidly connected 
to the tap and injected. 

If the heart shrinks normally when total 
heart-lung bypass is established, no special 
problems may be expected. The needle is 
inserted into the aorta and positioned so that its 
tip is directed toward and lies close to the 
mouths of the coronary arteries. Then co- 
incidentally the clamp across the aorta is 
closed and the injection begun. The reason that 
the aortic clamp is closed only as the injection 
begins is to allow the left ventricle every oppor- 
tunity of emptying itself before it is arrested. 
In this way distention of the left side of the 
heart is minimized and further dilution of the 
potassium citrate mixture by intracardiac 
blood is reduced. 

Both the needle and clamp are handled by the 
surgeon; the actual injection is made by his 
assistants. One full syringe is likely to be re- 
quired and this should be injected as rapidly as 
is possible, followed by the second and third 
syringes if arrest is not at once produced. The 
injection is terminated when the heartbeat ceases, 
no fixed quantity being given, and excess is 
avoided. As soon as the heart comes to rest it 
should be opened, for the flaccid heart has no 


means of guarding against overstretching of its* 


muscle fibers. The needle is removed from the 
aorta at this time and the purse string suture 
secured. 

After the intracardiac surgery is completed 
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Fic. 2. Diagram of heart at the moment of injection 
showing how blood from the overfilled left ventricle 
will dilute the potassium citrate mixture. 


and before the cardiotomy is completely closed, 
the clamp on the aorta is removed. At this time 
it is important to have adequate perfusion so 
that rapid washout of the coronary system 
occurs. Thus, within a minute, 100 or 200 mil. of 
blood should flow out of the partially closed 
wound in the heart. This is allowed to go to 
waste, for it contains a high percentage of 
potassium. As closure of the cardiotomy 
wound proceeds, distention of the heart should 
be avoided and manual compression should be 
used if this appears likely. In normal circum- 


stances the heart should beat strongly in sinus 


rhythm within three minutes. Permitting 
restoration of the heartbeat before closure of 
the cardiotomy allows one to test the complete- 
ness of the repair. 

Various shunts and circulatory abnormalities 
influence the ease with which this maneuver 
can be effected. The left ventricle continues to 
beat against the occluding aortic clamp and to 
perfuse at a rapid flow the coronary arteries. 
Where the ventricle is active and contains a 
great deal of blood this flow competes with that 
issuing from the intra-aortic needle. The result- 
ing mixture may fall in concentration below the 
arresting level unless the injection is rapid and 
forceful. (Fig. 2. ); 100 ml. provides an adequate 
reserve in such circumstances. 

The competence of the aortic valve is also of 
great importance since the perfusion of the 
coronary vessels depends to a great extent on 


\ 
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this fact. Where regurgitation is possible it may 
be necessary to prevent the injected mixture 
from merely filling the ventricle by manual 
compression of the heart. This, even in the 
presence of a wholly incompetent aortic valve, 
will drive the potassium citrate into the coro- 
nary system. Inevitably in such circumstances 
the ventricle contains a great deal of blood and 
so adds the problem of dilution to that of the 
valvular incompetence. 

A third problem is that presented by the rare 
abnormality of a fistula from the aorta into the 
right heart. No satisfactory means of ensuring 
an effective coronary perfusion obtains unless 
this is occluded manually prior to injection. 
Those conditions which interfere with the ease 
of arrest also hinder restarting the heart. As 
rapid as possible a restoration to normal en- 
vironment within the myocardium is obviously 
essential. For example, uncorrected incom- 
petence of the aortic valve is a serious hazard, 
for not only will the perfusion of the coronary 
vessels be less effective, but also overdistention 
of the ventricle is almost inevitable. No muscle 
fiber can contract when stretched beyond a 
critical point and should this occur in the ar- 
rested heart no resumption of cardiac activity 
can be expected. Without tone to resist this 
stretching force the arrested heart relies solely 
on the vigilance of the surgeon. The most vital 
requirement in the practice of this technic is 
the prevention of gross overdistention, par- 
ticularly when the heart is arrested but also 
during its recovery. 

Following is a summary of four instances in 
which complications arose in the induction of 
cardiac arrest by potassium citrate. These 
cases serve to illustrate the purely practical 
problems likely to be encountered in the ap- 
plication of this technic. 

The importance of avoiding overdistention 
of the myocardium as well as of ensuring an 
effective and rapid washout of the potassium 
citrate solution is well exemplified by a study 
of the problems encountered in patient M. S., 
who was found to have a patent ductus arterio- 
sus while being operated upon for closure of an 
interventricular septal defect. 


The injection of 45 ml. of potassium citrate 
solution into the aorta, which together with the 
pulmonary artery was cross-clamped, produced a 
normal stopping of the heart. It was noticed, how- 
ever, that the flaccid heart immediately dilated 
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with blood found to be coming from the left ven- 
tricle through a patent membranous septum. 
Blocking this defect merely caused the left ven- 
tricle to dilate. The presence of a patent ductus 
arteriosus was realized and it was decided to close 
this before attempting the intracardiac repair. 
Accordingly, the cardiotomy was closed, the aortic 
clamp removed and the heart manually emptied. 
This was followed by the onset of ventricular 
tachycardia, which gave way to ventricular 
fibrillation. A single shock restored normal rhythm 
and the heart was allowed to recover, while a large 
patent ductus 8 mm. in diameter and 6 mm. in 
length was ligated. During this time partial per- 
fusion was maintained. Returning to the septal 
defect, another suture was placed in the root of the 
aorta and the heart stopped again with potassium 
citrate solution after cross-clamping the aorta. It 
was noted that no undue distention now occurred, 
and on opening the previous incision in the ven- 
tricle the septal defect came into view unobscured 
by the gush of blood seen before. There was also an 
infundibular stenosis. The hole was repaired by 
direct suture, the muscular stenosis removed and 
the ventriculotomy closure begun. The clamp on 
the aorta was then released; and as the closure 
of the heart continued, the heart started to beat in 
sinus rhythm. 

The postoperative course was uneventful there- 
after and no sequelae referable to two arrests of the 
heart were noted. 


The early resumption of sinus rhythm and 
normal heart action after the second arrest are 
contrasted to the abnormal rhythm and 
ventricular fibrillation seen following the first 
arrest. In this latter case the two conditions 
most likely to predispose to such arrhythmia 
were present; the heart was grossly distended 
after the protective muscular tone had been 
eliminated by the potassium solution; and 
when resumption of tone was demanded, the 
perfusion of the coronaries with adequate 
amounts of blood of normal potassium calcium 
ratio was not obtained. Neither of these com- 
plications was seen after the large extracardiac 
shunt through the patent ductus arteriosus 
was abolished. 

The complication of overloading the circula- 
tion with its consequent stretching of the myo- 
cardium was shown by the following case: 


T. S., aged eight years, was operated upon for 
closure of an interventricular septal defect. The 
heart was arrested without difficulty and equally 
easily restarted. So readily did the heart take over 
that the perfusion was discontinued within three 
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minutes of the removal of the aortic clamp. Soon 
after it was noticed that the heart was distended 
with blood and that the venous pressure was rising 
rapidly. A considerable quantity of blood in excess 
of the normal blood volume had in fact been al- 
lowed to accumulate in the child’s circulation. At 


— 


Fic. 3. Diagram of heart at the moment of injection 
showing how, when aortic valve incompetence is pres- 
ent, the potassium citrate mixture merely distends the 
left ventricle. 


this point the distended heart doubled in rate and 
the rhythm became that of ventricular flutter. This 
persisted until manual compression and the re- 
moval of over 500 ml. of blood from the venous 
catheters had reduced the distention of the heart. 
As soon as the heart returned to normal size, the 
ventricular flutter gave way to normal rhythm and 
an effective heartbeat. 


Overdistention, then, even at some period 
after the heart has regained tone and normal 
rhythm, is likely to cause an irregular beat and 
predisposes to ventricular fibrillation. 

The danger of not eliminating the potassium- 
rich coronary sinus return was shown by the 
following case: 


D. B., aged ten years, was presented for correc- 
tion of a congenital aortic stenosis. It was planned 
to approach the valve through the aorta without 
opening the heart, but to use the bypass and elec- 
tive arrest in order to allow this should it be 
necessary. 
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The heart was stopped in the usual way, but it was 
noted that a larger amount than normal of the 
potassium citrate mixture was required. Exposure 
of the aortic valve and its conversion into a func- 
tioning bicuspid valve proceeded without difficulty 
through an aortotomy and no reason was found to 


Fic. 4. Diagram of heart at the moment of injection 
showing how rupture of the sinus of Valsalva may leak 
away the potassium citrate mixture. 


enter the left ventricle. After the aortic clamp was 
removed, the heart rapidly gathered tone and a 
good beat was recorded within fifteen seconds. 
Total bypass was maintained, however, and forty- 
five seconds later the heart was seen to speed up 
and go into ventricular flutter. As expected, the 
potassium-rich blood had re-entered the coronary 
circulation. (Fig. 3.) The blood pressure, which had 
risen with the resumption of heartbeat, fell again 
to that of the perfusion. One minute later it was 
seen that this effect was passing off and soon the 
heart had resumed a more normal rate and effective 
beat. Within five minutes no trace of the elevated 
level of potassium remained and the bypass was 
discontinued without complications. Progress was 
hereafter uneventful. 


In treating aortic stenosis with this technic 
we normally now make a small opening in the 
right atrium to remove the coronary sinus 
return by continuous suction; and when the 
heart is restarted, about 100 ml. of potassium- 
rich coronary sinus return is discarded. 

Possible loss of the potassium mixture into 
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the right atrium through a left ventricular— 
right atrial shunt is shown by the following case. 
An exaggeration of this problem would apply 
ina sinus of Valsalva fistula. (Fig. 4.) 


J. T., aged nine years, presented with findings sug- 
gesting a shunt from the left ventricle to the right 
atrium, although it was thought possible that the 
communication was through a sinus of Valsalva. 
Obliteration of the shunt from the left ventricle by 
plugging with the left index finger in the right 
atrium during exploration suggested that the repair 
could be made through a right atriotomy. Ac- 
cordingly, preparations were made to do this after 
establishing the heart-lung bypass and arresting 
the heart. Fearing that injection of the potassium 
citrate solution would be ineffective by reason of 
the shunt, a finger was replaced in the right atrium 
and the injection made while the hole was ob- 
literated. Only 28 cc. of the mixture was required to 
stop the heart. Thus closure of the shunt converted 
what might have been a troublesome and ineffec- 
tual maneuver into one whose result was no differ- 
ent from normal. No difficulties attended the 
restarting of this heart after the defect had been 
closed. 


This example is cited primarily to underline 
the importance of preventing the injected 
potassium citrate mixture from leaking away 
before perfusing the coronaries. 


SUMMARY 


The clinical usefulness of elective cardiac 
arrest with potassium citrate solution is an 
important adjunct in the modern technics of 
open cardiac surgery. 

The technical features of the procedure and 
the various complications which may arise are 
discussed and four cases of special interest in 
which cardiac arrest was used are presented. 
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James V. Matoney, Jr. (Los Angeles, Calif.): 
New surgical technics, particularly those which are 
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daring and dramatic, are ordinarily accepted slowly 
and with reluctance by the members of our profes- 
sion. Such has not been the case in the use of 
potassium arrest in open cardiac surgery. The value 
of the method described by Dr. Melrose was 
immediately appreciated by all of us who are 
interested in open cardiac surgery during circula- 
tory bypass. At the U. C. L. A. Medical Center 
during the past two years we have operated upon 
fifty patients employing extracorporeal circulation. 
In about fifteen of these cases, elective cardiac 
arrest has been induced by the Melrose technic. 
As our experience has increased we have used 
the method with greater frequency, so that now 
arrest is induced in most cases of open heart 
surgery. The advantages of the method are several. 
By eliminating coronary venous return, blood loss is 
markedly decreased; and the absence of blood per- 
mits better visualization in the operative field. The 
absence of motion greatly facilitates the accurate 
placement of sutures. We have found cardioplegia 
of particular advantage in those ventricular septal 
defects which are located behind the chordae 
tendineae of the tricuspid valve. Movement of the 
chordae tendineae and valve leaflets with each 
systolic contraction of the heart makes the com- 
plete anatomical closure of such defects very 
difficult. 

The exact extent to which cardioplegia reduces 
myocardial metabolism is unknown at the present 
time. There is little doubt that cardiac metabolism 
is diminished during cardioplegia, as evidenced by 
the fact that the myocardium remains a normal 
pink color rather than becoming deeply cyanotic 
as it does during coronary occlusion without the 
injection of potassium. My associates, Dr. Ekkehart 
Raschke and Dr. William Whelen, have been at- 
tempting to evaluate myocardial metabolism dur- 
ing cardiac arrest with both potassium and 
acetylcholine. Small strips of myocardium are 
removed during the course of heart operations and 
placed in an apparatus which permits strength of 
contraction and oxygen consumption to be meas- 
ured. We have been successful in keeping such 
strips of myocardium alive under study for as long 
as eight hours. 

Two major deterrents to the use of potassium 
cardiac arrest have been the fear that the heart 
could not be resuscitated and the fear that the 
electrical conduction system would be damaged 
during the period of cardiac arrest. In regard to the 
first of these problems, we have had only one pa- 
tient in whom difficulty could be attributed directly 
to the use of cardiac arrest. This twelve year old 
girl was operated upon for aortic stenosis and it was 
necessary to employ fifteen minutes of cardiac 
massage and repeated electric shock therapy to 
restore normal cardiac rhythm. We believe that the 
difficulty of resuscitation of the heart which has 
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been reported by others may be due to the use of 
perfusion rates below 70 ml. of blood per kg. body 
weight. With use of flows between 70 and 110 ml. 
per kg. body weight per minute restoration of 
cardiac activity ordinarily occurs in from fifteen to 
thirty seconds. The second problem concerns the 
occurrence of complete heart block. Injury to the 
electrical conduction system of the heart, presum- 
ably the bundle of His, has been reported to pro- 
duce complete heart block in up to 25 per cent of 
patients operated upon for ventricular septal 
defect. When the heart is permitted to beat during 
surgery, injury to the conduction system can be 
detected immediately by the occurrence of atrio- 
ventricular dissociation, and the offending suture 
can be removed. In theory at least, such injury 
to the conduction mechanism cannot be detected 
when the heart is in a cardioplegic state. For this 
reason we do not at present employ elective cardiac 
arrest for those operations which require many 
sutures to be placed in the region of the atrio- 
ventricular node (ostium primum atrial defects 
and total anomalous pulmonary venous return). 
For an example | will cite a case of total anomalous 
venous return which required extensive suturing in 
the region of the coronary sinus. Cardioplegia was 
not employed, and momentary heart block was 
noted to occur when a suture was placed adjacent to 
the coronary sinus. Removal of this suture resulted 
in immediate restoration of normal rhythm. We are 
unable to evaluate the relative danger of heart 
block with and without cardioplegia on the basis of 
our own clinical experience, since we have not 
encountered this complication in these fifty cases. 

Dr. Melrose, although I, too, am a guest before 
this society, I know that I express the feelings of the 
membership when I say that we are privileged to 
have the originator of the valuable technic present 
his work personally before the Pacific Coast 
Surgical Association. 

Benson B. Roe (San Francisco, Calif.): I 
speak with some hesitation, merely to present a 
gadget which may be of some value to Dr. Gerbode 
and others who are interested in coronary perfusion, 
and also to offer my congratulations and compli- 
ments to Dr. Melrose for his very excellent presen- 
tation and this most important contribution. 

Although we have not used potassium arrest in 
open heart surgery under the hypothermia technic, 
and it has not been necessary, we have been im- 
pressed by the greatly improved appearance and 
behavior of the heart function after restoration of 
the circulation with the use of oxygenated blood 
through the coronaries during the occlusion time, 
and it is the ischemia to the myocardium to which 
Dr. Melrose alluded which unquestionably plays an 
important role, along with the distention of the 
myocardium which he mentioned. With the long 
periods of poor circulation or no circulation of the 


myocardium during open heart surgery, perhaps 
the protracted perfusion of the citrate solution, 
along with oxygenated blood, might prevent these 
complications. 

We place a No. 16 needle, welded in a saddle, 
in the ascending aorta just proximal to the clamp 
which is placed distally after inflow of occlusion. 
This needle is easily and quickly placed, is well 
maintained in position by a single tie around the 
aorta without having to have someone to hold it, 
and is designed to prevent the needle from either 
harming the aortic valve cups or penetrating and 
injuring the opposite wall of the aorta. 

Through this needle oxygenated blood is admin- 
istered by the anesthetist at a rate of about 500 cc. 
during a five-minute occlusion. These rates are 
perhaps unnecessary in the heart without hypo- 
thermia, but they may possibly find application in 
the prolonged instances of interruption of flow dur- 
ing heart-lung bypass. 

Witiiam H. Mutter, Jr. (Charlottesville, Va.): 
I, too, would like to reiterate the comments of 
Dr. Maloney regarding the importance of the con- 
tribution which Dr. Melrose has made, and | 
think that those who perform open heart surgery 
appreciate how helpful it is to operate within the 
arrested heart. 

I rise primarily to ask a question regarding the 
influence of potassium citrate on heart block. Dr. 
Kirkland has said in the past that he has thought 
potassium citrate arrest has been actually beneficial, 
and he has had fewer heart blocks when it is 
employed. 

On the other hand, Dr. Lillehei has recently 
reported that the number of heart blocks has 
actually been increased. Our experience has been, 
and we have used potassium citrate in the majority 
of our cases when we enter the ventricle and per- 
form ventriculotomy primarily for the closure of 
intraventricular defects, that we have had more 
than 25 per cent incidence of complete heart block. 

I would also like to ask him what the actual 
duration, at least what the Jongest duration is, in 
which one might use potassium citrate in these 
instances. In the laboratory, we have used it for a 
period in excess of two hours and the heart has 
returned to normal rhythm. 

Denis MELrRoseE (San Francisco, Calif.): Thank 
you all for being so nice to me in your discussions. 
I always find it difficult to answer these multiple 
questions. I can never remember the last one when 
I am trying to answer the first, but I will try. 

The question occurs very frequently, ‘Why do 
you not continue to perfuse the myocardium during 
the period that you have it arrested by simply 
adding potassium citrate to the blood and running 
it in in that rather elegant way Dr. Roe has just 
demonstrated?” 

It is just not quite as easy, I think, as it looks, 
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because when a clamp has been placed across the 
root of the aorta it nearly always distorts the aortic 
valve quite considerably, and a proportion of that 
injection does in fact go to waste. It simply runs 
through the incompetent valve. 

Another thing we have found in _ perfusing 
isolated hearts was that if pressure on the coronaries 
was kept up during the period of absence of beat, 
edema of the myocardium occurred much more 
rapidly. 

We found that the most satisfactory way of 
carrying out a long period of arrest was to perfuse 
the coronaries intermittently, and I have some 
pretty records to show that if you perfuse the heart 
of a rabbit for fifteen minutes with potassium 
citrate in Locke’s solution and then allow it to 
remain without perfusion for fifteen minutes, you 
may alternate periods of perfusion with periods of 
ischemia for as many as six hours and still obtain a 
normally active heart when the potassium citrate 
is washed out. On the other hand, if you keep the 
heart flushed with solution during this‘time, it 
becomes hopelessly edematous and cannot be 
restored. No evidence is yet available in man, but it 
seems likely that occasional perfusion of the myo- 
cardium would have a beneficial effect. 

The problem of heart block is not one that Iends 
itself to a single answer. It is at present impossible 
to separate the effect of the surgical repair from 
other causes. Certainly it is rare to see irreversible 
complete heart block. It is much more usual to find 
after a difficult closure of an interventricular defect 
that a three-to-one or two-to-one block persists for 
several days and then reverts. I think such block is 
due not so much to the direct placement of a stitch 
in a vital area but more to the stretching and 


distortion such a stitch may occasion as well as to 
the edema surrounding it. 

It is true to say in this context that the heart is 
mauled about much less when inert and flaccid, and 
the sutures can be placed with greater gentleness 
and accuracy. Comparative figures are not easy to 
obtain but I think I can safely quote Dr. Kirklin as 
to his impression that his incidence of block is no 
greater now that he uses elective arrest than 
previously without it. Really adequate surgical 
repair of some defects must always be associated 
with heart block. 

The period of time: I think at the moment it 
would be unwise to be dogmatic about this, because 
I think as work goes on into the metabolism of these 
hearts it may be found that the potassium citrate, 
although it seems to give a nice pink-looking heart 
during half an hour or so, does not really reduce 
the metabolism as much as we would have hoped, 
although it is difficult to explain why the heart 
should look so pink and why it should fare so well. 

I know that there must have been thirty or forty 
human hearts stopped for over fifty minutes. One | 
recall, and it was an adult heart, was stopped for 
sixty-five minutes without any worry at all. 

Lactic acid is produced rapidly when a beating 
heart is made ischemic and we have used this 
measurement as an index of the protection afforded 
by elective arrest. The production of lactic acid is 
much less rapid after arrest, being only a fifth of 
that in the beating heart. This indicates that twenty 
to thirty minutes should be as safe after arrest as 
five minutes are without it. 

No patient has as yet lived for many years after 
elective arrest and we must wait on time for judg- 
ment as to its real merits. 
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Types of Tracheal and Esophageal Constriction 
Due to Arterial Anomalies of the Aortic 
Arch, with Suggestions As to Treatment 


EarL P. LasHer, M.D., Seattle, Washington 


From the Department of Anatomy, University of Wasbing- 
ton School of Medicine. Seattle, Washington. 
oe [1,2] or Hunauld [3] is credited with 
having described the first recorded in- 
stance of a double aortic arch some 220 years 
ago. About fifty years later a persisting double 
aorta was found by Malacarne in Torino. In 
1793 Bayford [4] reported the case of a sixty 
year old man, dysphagic all his life, in whom an 
aberrant right subclavian artery arising from 
the descending part of a left-sided aorta and 
coursing between the esophagus and trachea 
was found at death. Bayford believed the 
anomalous position of this vessel may have 
produced these symptoms, and coined the 
term ‘dysphagia lusoria” (from the Latin, 
“‘lusor,” a deceiver) to identify this syndrome. 
These anomalies remained as anatomic curiosi- 
ties until 1926, when Jex-Blake [5] observed a 
puppy with stridor and dy sphagia, in which 
autopsy revealed a constricting ring due to a 
right arch and a left ligamentum arteriosum. 
He may have been the first to suggest that 
surgical correction of this was feasible if the 
diagnosis could be made. Gross [6] stated that 
he began considering this in 1931 when the 
problem appeared in a postmortem examina- 
tion, and Wolman [7] again suggested it in 
1939. However, it was almost exactly a century 
and a half after Bayford, until Gross [6] in 
June, 1945, recorded the successful division of 
an aortic ring constricting both the trachea and 
esophagus, and then the following year [8] 
surgical section of an aberrant right subclavian 
artery causing dysphagia lusoria. Since then 
several discussions [11-15] of these embryologic 
deviations have appeared and certain facts 
concerning their recognition, significance and 
treatment are emerging. It is the purpose of 
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this report to present some of these, as well as 
the experience of several individuals in this 
regard at the Children’s Orthopedic Hospital 
in Seattle.* 

Although double aortas are normal in certain 
reptiles and right-sided aortas persist in birds, 
the definitive pattern of a single left aortic 
arch and its typical major branches in man is 
established very early. According to Congdon’s 
[16] classic studies the arterial arcades in the 
gill arches begin appearing in the third week 
of embryonic development. And they have 
evolved to their adult form, including the dis- 
appearance of the right aortic arch and the 
fusion of the two dorsal aortas beyond this, 
some six weeks later. Maternal illnesses which 
might influence the course of these metamor- 
phoses therefore must presumably be sought in 
the very early stage of pregnancy. 

The evolution of these vessels in relation to 
the foregut and developing trachea and lung 
buds is complex and difficult to explain in writ- 
ing. Two animated movies, published by Dr. 
George Humphreys, show these processes 
clearly. The study of Edwards [13] gives their 
patterns an orderliness adapted to classifying 
the anomalies actually found and those that 
are possible. Inasmuch as it is not the primary 
purpose of this essay to discuss these, only 
variations of more common clinical interest 
will be presented. 

These variations fall into three general cate- 
gories: (1) those in which the trachea and 
esophagus are actually encircled by a double 
aortic arch, part or all of which may be patent 


* 1 am grateful to Drs. Dean K. Crystal and A. H. 
Bill, surgeons, and other members of the Cardiac Clinic 
for permission to include their cases, in this, a consecu- 
tive series. 
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(Fig. 1); (2) those in which the ring is com- 
pleted by a ligamentum arteriosum connecting 
a pulmonary artery on one side of the body to 
an aortic arch on the other (Fig. 2); and (3) a 
heterogeneous group, including absence of both 
aortic arches, in which there may be serious 
compression of the trachea or esophagus, or 
both, by anomalies of the major vessels even 
though these two structures are not actually 
encircled. The most common of these is the 
aberrant subclavian artery producing dys- 
phagia lusoria. (Fig. 3.) Although it might be 
logical to expect that the existence of a com- 
plete ring would produce the most severe symp- 
toms, this is not always true. . 


INCIDENCE AND CLINICAL FEATURES 


In 1932 Goldbloom’s [17] study and review 
established the incidence of aberrant sub- 
clavian arteries travelling behind the esophagus 
or between it and the trachea at about 0.6 to 
0.8 per cent in routine dissections of cadavers. 

An extensive review [15] of all preceding 
literature appearing in 1936 collected forty 
cases, referred to as double aortic arch by one 
or more authors. Most of these had been ob- 
served in the dissecting rooms, and of the 
twenty-three instances in which complete rings 
were clearly present, nine patients were infants, 
two were twelve years old, and the others were 
past middle age. 

Gordon [72], in a ten-year survey at the 
Children’s Memorial Hospital in Chicago, found 
autopsies were performed on ninety-five chil- 
dren under thirteen years of age who had 
congenital cardiac anomalies. Of these, four 
had complete double aortic arches. 

Abbott [79] found only five in her report of 


Tracheal and Esophageal Constriction 


common artery 
carotid 
Not { 
positively----+ 
~ \ 
‘subclavian identified 


Left Presumed course of 
unidentified aberrant Left 
subclavian 


Potent ductus 
arteriosus 
divided } divided 


Ligamentum 
arteriosum 
divided 


Aberrant 
R subclavian A 
divided 


Fic. 3. 


1,000 cases, and stated that only two of these 
had symptoms. However, inasmuch as Gross in 
1955 [14] reported the results of operations for 
these anomalies in seventy children during the 
preceding ten years, forty-four of whom had 
some type of complete encirclement of the 
trachea and esophagus, it is apparent that the 
true incidence of anomalies of the arch, other 
than that classified as dysphagia lusoria, is 
still unknown [20-22]. The appearance of 
twelve cases, five of which were complete rings 
and three of the aberrant subclavian type, dur- 
ing the five years from 1952 to 1956 in which 
18,000 children were admitted to the Children’s 
Orthopedic Hospital, would suggest that al- 
though these anomalies are rare they must be 
kept in mind. 

It is also likely that most individuals, with 
either some type of vascular ring or an aberrant 
major vessel, have symptoms. When noisy 
breathing, frequent severe respiratory infec- 
tions, or persistent, unexplained regurgitation 
or dysphagia are present, the existence of aortic 
variations should be sought. Typical of the 
lesion in the severely distressed infant is an 
inspiratory stridor heard within the chest, re- 
traction of the thorax, neck and abdomen, and 
a preference for lying in opisthotonus. For- 
tunately, ever since Assman’s report in 1924 
[23], radiologists [10,25] have been alert in 
discovering these; and they can predict the 
anatomic type of variation to be found with 
great accuracy by means of a simple barium 
swallow. There is therefore little excuse for 
first discovering these potentially lethal lesions 
at the autopsy table. 

Figures 4, 5 and 6 show, respectively, films 
exhibiting the deformities of the column of 
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barium in patients with a complete double 
aortic ring; a right-sided aortic arch, in which 
the ring was completed by a left-sided liga- 
mentum arteriosum; and an aberrant right 
subclavian artery arising from the descending 
aorta on the left. In this last instance the 
obliquity of the defect is apparent and it can 
be seen that this is below the level of the aortic 
arch. Several authors have suggested that 
endoscopy and delineation of the tracheobron- 
chial tree may be useful in deciding whether 
there is actual constriction or distortion of 
consequence. It is our opinion that these 
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maneuvers may be dangerous and are unneces- 
sary when symptoms are already manifest. 

Similarly, there are statements in the litera- 
ture [3,19] that might lead one into a false 
sense of security regarding these anomalies. 
Taussig [26] in her book states, “‘The prognosis 
is good. As the infant grows the pressure on 
the trachea gradually subsides and usually com- 
pletely disappears” (p. 455). Also (p. 461), 
“Unless complicated by cardiovascular disease 
the condition usually need cause no undue con- 
cern.” This attitude may stem from a study of 
the older literature in which most of the re- 
ported cases were found by anatomists. How- 
ever, a critical glance at the collective reviews 
quoted heretofore shows that over half the 
authentic cases of complete rings were in 
children or infants, suggesting that less than 
half the individuals so afflicted live to adult 
years. Gross [3] says in his book, “‘This does 
not imply that all humans with a double aortic 
arch require operation, because there are 
doubtless a few subjects who tolerate the condi- 
tion in a reasonably satisfactory way through 
a long life.” However, even later than this, 
Ravitch [15] seems to have the most realistic 
approach: ‘‘When symptoms do arise, due to 
compression of the trachea or esophagus, diag- 
nosis and proper corrective treatment become 
important. . . . Surgery is urgently required 
to relieve distress when present in these patients 
and may be lifesaving.” 

In our series of seventeen cases seen during 
twelve years (1946 through 1957) there were 
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five infants, the oldest aged fourteen months, 
who died without any attempt being made to 
correct these anomalies. Eleven patients have 
been subjected to operation, with eight success- 
ful results and three deaths in the early post- 
operative period. The seventeenth patient, only 
recently diagnosed, has Corvisart’s syndrome, a 
right-sided aortic arch and tetralogy of Fallot, 
and probably a left-sided encircling ligamentum 
arteriosum. The first of the three operative 
deaths occurred early in 1946, when a patent 
ductus was successfully divided, but the true 
nature of the other lesion was not discovered. 
In the second case, in 1951, a constricting 
anterior arch was successfully divided when the 
infant was a year old, but the trachea was ex- 
tremely soft and fatal obstruction of the airway 
ensued two hours later. The third surgical 
death occurred in 1957, in a nine year old child, 
in whom neither a right nor a left arch was 
present and an attempt to provide one ulti- 
mately proved unsuccessful. 

In our limited experience it would appear 
that the existence of symptoms (and all seven- 
teen of these patients had symptoms either 
from the time of birth or the early neonatal 
period) should arouse the physician to an 
awareness of the truly hazardous state in 
which the patient exists. Of the five fatal cases 
that did not come to operation, three patients 
died of respiratory obstruction and its com- 
plications before'a completely correct diagnosis 
was established. One of these deaths followed 
bronchoscopy and, whereas the child was des- 
perately ill before this procedure, aspiration of 


the trachea and inspection of the narrowed, 
limber carina may have done more harm than 
good. In two tragic instances a correct diagnosis 
had been established but the urgency of the 
situation was overlooked. In one of these the 
infant died suddenly thirty-six hours before her 
scheduled operation. It is only fair to state 
that in the other case, accompanying congenital 
anomalies, including tetralogy of Fallot, com- 
plicated the evaluation of the individual. 

In this regard it is of interest that six of the 
seventeen patients (35 per cent) had congenital 
anomalies other than those about the aorta. 
Four of these (23 per cent) were variants of 
the tetralogy of Fallot, while in three hypo 
spadias, mild clubbing of one foot, and heman- 
gioma of the scalp were noted, respectively. 

Of the eight patients in whom surgical correc- 
tion was successful, none is known to have died 
subsequently. They have been followed up for 
from one month to five years; and although in 
some relief of symptoms was prompt and 
dramatic, in others a wheeze or unusually fre- 
quent respiratory infections persisted for some 
months before gradually subsiding. Figure 4 
shows a released tracheal shadow seven months 
after operation. 


COMMENTS AND TREATMENT 


There are at least three reasons why an 
early attempt at surgical correction of these 
anomalies should be urged: (1) History and 
recent experience have shown that a minority 
of patients with them live to adult life, and our 
experience shows clearly that the optimism ex- 
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pressed even in recent writings may prove 
treacherous. (2) With modern care the results 
of surgical correction, where possible, are ex- 
cellent and the mortality not only reasonable 
but also much better than that without opera- 
tion (Gross 7 per cent, present series 27 per 
cent). (3) In releasing the constricting elements 
of a ring or the compressing variants of the 
great vessels it is sometimes necessary to 
sacrifice a subclavian artery near Its source. 
This of course is always the case In instances of 
dysphagia lusoria, and the resulting circulatory 
loss is tolerated far better by infants and 
children than by adolescents and adults. 

A degree of circumspection may temper one’s 
aggression, however, inasmuch as variations of 
Fallot’s tetralogy can accompany 20 to 25 per 
cent of these abnormalities. Where cyanosis is 
an almost constant sign, rather than only an 
intermittent one associated with choking spells, 
associated disease should be suspected and any 
projected operative procedure planned in ac- 
cord. Our approach in all instances has been 
through a left dorsolateral incision. Where a 
right aortic arch in conjunction with a tetralogy 
or an imperfect arch of both types exists, this 
entry might be changed to a median sternot- 
omy, or even a right thoracotomy, to advan- 
tage. Also, there is statistical evidence that 
when a right-sided aortic arch exists in conjunc- 
tion with a left innominate artery, intracardiac 
defects will be found in four of ten instances 
(21]. This statistic could not be upheld or dis- 
puted in our series. Two patients had left in- 
nominate arteries, one from a right aortic arch 
and one from a left. The first, with no signs 
of associated heart disease, was successfully 
dealt with at operation. The second came to au- 
topsy without benefit of surgery and the heart 
was normal. If valid, however, this observa- 
tion might serve to alert the surgeon should 
he wish to employ the vessel he divides toward 
constructing a shunt to the pulmonary artery. 


CONCLUSIONS 


Combining the reported experience of others 
with our own suggests: 

1. The incidence of aberrant courses of the 
subclavian artery (dysphagia lusoria) is 0.6 to 
0.8 per cent. 

2. The frequency with which other anomalies 
of the aortic arch and its greater branches occur 
is still unknown. 

3. Where these irregularities exist they may 
cause symptoms. 
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4. The recognition of these symptoms and 
their accompanying signs is of supreme impor- 
tance inasmuch as the underlying lesions may 
be unexpectedly lethal. 

5. Tentative diagnoses may be established 
in almost all instances by means of a simple 
swallow of barium. 

6. About one-fifth of the patients so afflicted 
will have other significant anomalies of the 
circulatory system. 

7. The surgical correction of these lesions is 
possible in most cases. 

8. The importance of seeking surgical as- 
sistance and the urgency of this are not gener- 
ally realized. 
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DISCUSSION 


Paut C. Samson (Oakland, Calif.): It is a pleas- 
ure to discuss this. excellent paper by Dr. Lasher 
because it points out very vividly the high mor- 
bidity and mortality rates which result either from 
a missed diagnosis or from watchful waiting once 
the reason for tracheoesophageal compression has 
been established. Dr. Dugan and I have had a 
modest experience with approximately twenty 
cases. We have had no operative mortality, but 
did lose one patient early in the game because we 
waited too long. 

I can but heartily agree with practically every- 
thing Dr. Lasher has said; his insistence on sus- 
pecting an arch anomaly under the proper circum- 
stances, on prompt diagnostic measures once a 
lesion has been considered and on early surgical 
correction if the lesion is diagnosed clinically. | 
would, however, take mild issue on his apparently 
dim view of endoscopic procedures and tracheo- 
grams in selected cases. We have employed these 
modalities from time to time with good advantage 
and without fear. Some years ago I described the 
use of careful posterior pressure with the bevel of 
the esophagoscope against a pulsating vessel with 
a determination of what pulses, radial-carotid- 
temporal might be obliterated. On occasion this 
has been a useful maneuver when the barium 
swallows were not completely characteristic. 

_As Dr. Lasher has rightly stressed, arch anoma- 
lies should be recognized and treated in the early 
years. However, a brief account of our experience in 
adults may interest you. We now have seen eight 
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adults with various arch anomalies. Four of these 
had aberrant right subclavian vessels, of which 
three were operated upon; the fourth, a woman of 
sixty odd, had only minor swallowing difficulties 
and did not undergo surgery. There have been four 
patients with various other arch anomalies: one 
operated upon, one in whom surgery is pending and 
two who were entirely asymptomatic. 

Of the four patients with anomalous subclavian 
vessels, three were esophagoscoped and the diagno- 
sis was confirmed by posterior bevel pressure with 
the esophagoscope as described heretofore. Two 
of these were operated upon through a left posterior 
thoracotomy and the standard procedure was car- 
ried out. The third patient had no symptoms of 
dysphagia but an asymptomatic “tumor” was 
visualized without the typical corkscrew appear- 
ance when barium was swallowed. At operation the 
anomalous subclavian was very large, almost 
aneurysmal, and was not disturbed. The patient 
has remained well as far as I know. 

Of the other four arch anomalies, perhaps the 
most interesting patient was a woman of fifty-five, 
who as a child had a history of “‘asthma,” exer- 
tional dyspnea, many upper respiratory infections 
and several attacks of syncope. She ate poorly and 
it was considered at one time that she possibly had 
chlorosis. Ten years ago she started having dys- 
phagia precipitated by a foreign body episode. 
Films taken at that time revealed a right arch 
with left descending aorta going posterior to the 
esophagus. During the ensuing four years swallow- 
ing difficulties increased and the x-rays showed 
more torsion of the aorta and more displacement 
of the esophagus. In 1952 operation through a left 
posterior thoracotomy was undertaken with com- 
plete relief. A tight ligamentum arteriosum was 
freed and the resulting tented section of the aorta 
was resected. This gave freedom to the esophagus. 
The anterior portion of the vascular right was com- 
posed of an almost completely fibrosed vessel ex- 
tending horizontally from the ascending aorta to 
the origin of the left subclavian artery. This was 
divided and relieved the pressure on the trachea. 

P, Lasuer (closing): I would like to thank 
Dr. Samson very much for his remarks. 

On the subject of endoscopy, I think there prob- 
ably is a difference in how our services are handled 
in this particular hospital. The endoscopy in most 
instances is done by the ear, nose and throat service 
and not by the surgeons, and I think that makes 
a difference. 

I think one point might be stressed, and that is 
that when one has freed these vessels and divided 
the arch or done whatever he has to do, that may 
not be enough. The dissection of the structures 
about the trachea and esophagus must be com- 
pleted so that it is quite clear that there are no 
constricting fibrous bands or other things which 
might tend to perpetuate the situation. 
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cen experience of more than a decade with 
operations for the tetralogy of Fallot has 
clarified many features of this interesting dis- 
ease. This was the first of the cyanotic congeni- 
tal heart diseases for which surgical therapy 
was applied and the success of this approach 
lent a great deal of impetus to the development 
of diagnosis and treatment of congenital heart 
disease [1]. No longer can one accept a more or 
less standard lesion as it was presented in the 
early descriptions of Peacock [2], Fallot [3] and 
others. Although the clinical and pathologic 
correlation of these men was a brilliant con- 
tribution, the concept of contemporary authors 
is that the pulmonic stenosis and ventricular 
septal defect are the basic lesions and that all 
gradations in severity and predominance of 
their physiologic effects.are possible [4-6]. 

Open heart surgery with the pump-oxy- 
genator is no doubt the theoretical method of 
choice for closure of the ventricular septal 
defect and relief of the pulmonic stenosis. Al- 
though the risk is acceptable in some types of 
tetralogy, the mortality is still high in others, 
and at this writing there may still be indica- 
tions for shunt operations. 

Much information has been gained by fol- 
low-up studies of postoperative cases. Knowl- 
edge of the complications which may occur and 
the ultimate fate of patients with the shunt 
procedures or open heart surgery will lead to 
sure judgement in selecting the best operative 
procedure for each particular case. 
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The purpose of this paper is to describe a 
group of eight patients who had had a Blalock- 
Taussig anastomosis five to ten years pre- 
viously. All these patients are now over twenty- 
one years of age. At the time of operation they 
ranged in age from eleven to thirty-seven years, 
eleven months. One of the patients has an atrial 
septal defect with the tetralogy of Fallot 
(pentalogy of Fallot). Five of the remaining 
seven patients have done very well with exer- 
cise tolerance approaching normal following 
surgery. A number of complications of interest 
are illustrated by three of the cases, and these 
will be reported in some detail. Two hemody- 
namic complications are included which have 
not been reported before to our knowledge. 
These are pulmonary hypertension, confirmed 
by direct measurement of the pressure in the 
pulmonary artery, and acute left heart failure 
during the course of labor, with recovery. 


MATERIAL AND METHODS 


The eight patients are now twenty-one to 
forty-six years of age. They were operated upon 
at ages eleven to nearly thirty-eight. The time 
elapsed since operation is from nearly five years 
to slightly more than ten years. The average 
length of time since operation is slightly over 
eight years. All the patients have reported for 
follow-up visits on request. 

In addition to the history, physical examina- 
tions and routine laboratory work, electro- 
cardiograms and cardiac fluoroscopy were done. 
Preoperative cardiac catheterization data are 
available in seven cases. Catheterization was 
carried out by the usual technics. A water 
manometer was used in some of the early cases 
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up to 1949. In most instances pressures were 
recorded with a strain gauge transducer and 
recording oscillograph. Cardiac output and the 
shunts were calculated by the application of 
the Fick principle. Postoperative catheteriza- 
tion was carried out in a similar manner in 
four cases. 

The results of the studies are given in 


Table 1. 


CLINICAL OBSERVATIONS 


Preoperatively all the patients were cyanotic 
and had some limitation of their activity. 
The hemogram showed some degree of poly- 
cythemia in all the patients preoperatively. 
(Table 1.) 

All the patients had a Blalock-Taussig anas- 
tomosis between a subclavian and pulmonary 
artery. All the operations but one were per- 
formed at the Mount Zion Hospital by the 
author. One patient, who now resides in San 
Francisco, had an operation more than nine 
years ago at the Johns Hopkins Hospital per- 
formed by Dr. Blalock. We are indebted to 
Dr. Gilbert Blount for much of the follow-up 
material on this patient. Two of the patients 
had an anastomosis on the right side, the re- 
mainder were on the left side. One of the pa- 
tients (A. M. B.), in whom a right-sided ap- 
proach was made, had an anastomosis between 
the end of the right subclavian artery and the 
proximal end of the branch of the right pulmo- 
nary artery to the right upper lobe. This 
anastomosis has functioned well and a con- 
tinuous murmur has persisted. 

Following the operation the patients were 
examined as frequently as possible. Some of 
them lived at a distance and were seen infre- 
quently. In 1953 three of the patients in this 
series were hospitalized for follow-up study 
including cardiac catheterization.* 

All but one of the patients had marked im- 
provement immediately after operation. The 
patient (C. G.) who did not improve was 
operated upon over eight years ago (1949). 
He had a small pulmonary artery and the 
anastomosis was difficult technically. A diastolic 
murmur was never heard postoperatively and 
It is presumed that the anastomosis did not 
remain patent. He remained cyanotic and quite 
limited in his activity. A subsequent catheter 
study (1953) revealed the presence of an atrial 


* Dr. Harold Rosenblum has aati made this mate- 
rial available to us. 
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septal defect. Our last contact with this patient 
was in 1953. In our experience (two cases) 
patients with an atrial septal defect and the 
tetralogy of Fallot (pentalogy of Fallot) do 
not do well when an artificial ductus is created. 
Both of these patients died several months 
after operation from congestive heart failure. 
It was probably fortunate for this patient that 
a large shunt was not created. As far as we 
know he is still alive, although his activity must 
be limited. An open operation is no doubt 
indicated. 

The remaining seven patients had immediate 
improvement of cyanosis and exercise toler- 
ance. Five of these seven patients are doing 
very well at present although with some limita- 
tion of their activity. The only patient in our 
series of tetralogies who was operated upon 
after adolescence and did not survive was an 
eighteen year old woman in whom cardiac 
arrest developed at the time of operation. At 
autopsy an extreme tetralogy with pulmonary 
atresia was found. Allanby and associates [7] 
described four patients with pulmonary atresia 
and noted that operation was fatal in all. 

Postoperatively there was some degree of 
improvement in all the hemograms, even that 
of patient C. G. in whom the shunt was not 
successful. The improvement in this patient, 
noted four years after the operation, may have 
been due to an increase in the collateral circu- 
lation. The reduction in the hematocrit in this 
patient was small (66 to 61 per cent). The aver- 
age reduction in values of the hemogram of 
seven patients is shown in Table 11. The hemo- 
gram of patient E. O. is not included because 
the preoperative data are not available. 

The arterial oxygen saturation was improved 
in five of the six patients in whom this data are 
available. (Table 1.) The patient whose oxygen 
saturation remained unchanged was improved 
clinically and has a loud continuous murmur 
indicating that his shunt is functioning. The 
average increase in arterial oxygen saturation 
is indicated in Table 11. 

Three of the seven patients with the tetralogy 
of Fallot are of special interest because of com- 
plications, and will be reported in some detail. 
The complications which are illustrated by 
these three patients include late organic occlu- 
sion of the artificial ductus, subacute bacterial 
endocarditis, brain abscess probably secondary 
to cerebral thrombosis, late defunction of the 
artificial ductus secondary to the development 
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TABLE | 


THE TETRALOGY 


Case 


2,L. F 


Age | Date of 
| (yr.), | Opera- | 
Sex | tion 


| 46, F |11/16/49 


34, F | 3/24/53) 


| 
29,M | 6/30/49 


26,M| 8/8/49 | 


| 
| 


26, F | 8/9/51 | 


| 


23, F |10/1/48 | 


21, M| 4/22/48} 


| 


21,M | 


Age at 
( 
Result 
tion 
(yr.) 
37 Continuous 
murmur 


29 | Continuous 


murmur 


21 No diastolic 


murmur 
until 1956 


18 | Nodiastolic 


murmur 


19 Continuous 


| murmur 


14 | Continuous 
murmur 


11 | High- 
pitched 


humming | 


diastolic 
murmur 
11 | Continuous 
murmur 


Preopera- 
tive 

Postoper- 
ative 


Preopera- | 


tive 


Postoper- 
ative 


Preopera- 


tive 


Postoper- 
ative 
Preopera- 


tive 


Postoper- 
ative 


Preopera- 


tive 
Postoper- 
ative 


tive 


Postoper- 
ative 


Preopera- | 


tive 


Postoper- 
ative 


Preopera- 
tive 


Postoper- 
ative 


Preopera- | 


DATA ON EIGHT PATIENTS WITH 
History 

Cyanosis | Syn- | Chest | Cya- | _- 
Squat w/Effort | cope Pain nosis Thrill 


++ TTT a TT 

+ - ++ 

+ + Mild 
pressure 

+ - + 

- ++ | ++ 

+ |+(until] + - + 
| age 5) | | 

= = = 

4. _ +. 


val Examination 


Sys- | Dias- 
tolic | tolic 


Mur- | Mur- 


mur mur 


Nore: PCV = Packed cell volume. 
RVH = Right ventricular hypertrophy. 
* Mean blood pressure in em. HeO. 


LVH = Left ventricular hypertrophy. 
MPA = Main pulmonary artery. 
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TaBLe 1 (Continued) 


OF FALLOT BEFORE AND AFTER A BLALOCK-TAUSSIG ANASTOMOSIS 


Hemodynamic Data 
Hemogram Electrocardiogram Radiology 
Pressures (mm. Hg) Blood O2 Saturation (%) 
Red | 
Blood | Hemo- | Hemo- Vascu- 
Cell | globin | globin |P.C.V.) R.V.H. | L.V.H. | larity of| M.P.A.| | or R.V.| P.A.| S.A. | Cavae} R.A.) R.V.|P.A) 
Count | (gm.) | (%) Lungs | 
(million) | | | 
62 | 21.5) 115 | 68.5) + | |... 
| i | 
5.5 20 113 ‘18/54, | 1/18/54,| Normal + + | L 2 11.1 j11.7 [11.4 |... ./11/49, 75 
Right | L.V. | 1/18/54 11/57, 69 
bundle! strain | 
| branch | | 
block | | | 
68 | 16 103 | .. + Normal} | Normal | L | 8.5 | 9.9 |15.4 |16.4| 82 
48 | 16 | 103 | 47 Normal | ....... | | 91 
5.71 17.4 112 | 59 + |.... Normal Normal | L | ... 140 0°) 56 
| | | | | | | 
5.52 | 16.5 | 106 | 45 | 90 
| | 
7.03 20 125 | 66 | + + Small | ..... R 84* | 17.19 74 
5.44} 17.3] 112 |6r | + + | Small |.....] 108/68 19.2 20.3 21.9 ....| 77.8 
(Atrial septal defect w/tetralogy 
| | of Fallot) 
5.15 | 16 cow POR L | 3* | 64* | 8.5*|......| 14.58|13.7 |14.0 |14.5| 80 
5.39 | 15 96 49 } + + Normal | Pere L 6 |118/4|83/3 |120/78| 11.8 |12.1 |12.6 |13.4) 85 
5.34 | 16 03 | + t | 
4.49 12.5 81 ; + |........| Nor nal | Normal + | RVH L Unable to enter right heart eee 81 
| | 
| | | 
8.05 | 22 | 142 |69 | + — | Small * 81 
| | | 
| | 
| | | | | 
| | | | | 
RA = Right atrium. PA = Pulmonary artery. 
RV = Right ventricle. SA = Systemic artery. 
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of pulmonary hypertension, and acute left 
heart failure complicating prolonged labor. 


CASE REPORTS 


Case 7. E. O., a resident of Denver, Colorado, 
was operated upon at the Johns Hopkins Hospital 


by Dr. Alfred Blalock on April 22, 1948. The left 


TABLE II 
COMPARISON OF AVERAGE VALUES OF HEMOGRAM AND 
ARTERIAL OXYGEN SATURATION PRE- AND POST- 
OPERATIVELY IN PATIENTS WITH THE 
TETRALOGY OF FALLOT 


Red Blood Hemo- Hemo- Packed 


Cell Count globin globin Cell | Arterial 
(million) (gm.) (%) Volume 
Preop- 5.93 17.6 111.6 59.9 73 
erative |(5.15-7.03)*| (16-21. 5)| (103-125) (53-68. 5)| (46-82) 
Postop- 5.19 16.2 101.8 51.0 83 
erative |(4.49-5.52) |(12.5-20)| (81-113) | (45-53) | (75-01) 


* The range ts given in parentheses. 


subclavian artery was anastomosed to the left 
pulmonary artery. A diastolic “humming top” type 
murmur was heard in the left second intercostal 
space from the time of operation until July, 1956, 
when Dr. Blount noted that it was no longer 
present. The systolic component was masked by 
the precordial systolic murmur. A harsh, grating, 
grade 3 systolic murmur was heard all over the 
precordium. It was loudest at the fourth intercostal 
space adjacent to the left sternal border. There 
was no associated change in the exercise tolerance 
and the patient can walk indefinitely without dis- 
comfort. He can climb several flights of stairs 
before becoming short of breath. He remains 
slightly to moderately cyanotic but this has not 
changed over recent years. His erythrocyte count 
and hemotocrit have remained elevated. (Tabie 1.) 
He had a few episodes of transient tachycardia in 
1956 and 1957. Such attacks have been very infre- 
quent although they occurred often in childhood. 

This patient had another complication about 
three years prior to cessation of function of the 
artificial ductus. Subacute bacterial endocarditis 
developed in the winter of 1952-1953 in Denver. 
The organism was quickly isolated and rigorous 
therapy was immediately instituted with control 
of the infection. Whether this infection was an 
endarteritis associated with the ductus and played 
a part in the recent change in the murmur is not 
known. 

On January 6, 1958, while residing in San Fran- 
cisco weakness in the left arm and leg developed 
as well as some bizarre behavior. He was hospital- 
ized three days later and on January 10th became 
comatose. Spinal puncture revealed a high pressure 
and purulent yellow fluid with a leukocyte count 


of 57,500. A culture revealed Hemophilus influ. 
enzae. Antibiotic therapy in massive doses was 
administered. It is believed that a brain abscess 
developed following a cerebral thrombosis. An 
encephalomeningitis or rupture of the abscess into 
the meninges produced the purulent cerebrospinal 
fluid. The abscess subsequently ruptured into a 


TABLE 111 
SUMMARY OF HEMOGRAMS OF PATIENT E. R. 


Red Arterial 
Hemo- | Hemo- | Blood Hem: O, 
Date | globin | globin Cell ema | Satura- 
(gm.) (%) Count —— tion 
(million) (%) 
11/17/33 | 16.5 | 106.2 6.03 es 
1945 | 6.52 67 
8/19/49 22.5 | 145 6.86 
11/6/49 6.35 68.5 64 
11/16/40, 
Blalock- | 
Taussig 
operation| .... | ..... 
11/21/49 | 17.0 | ..... 5.6 75 
8/10/50 16.0 | 103 5.39 3 
1/16/54 15.7 | 101 4.95 51 
11/24/55 18.2 | 117 5.62 53 
9/2/57 18.6 | 120 58 
11/12/57 | 17.8 | 115% 57 
11/18/57 | 21.2 | 136 65 i 
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cerebral ventricle and was drained surgically on 
January 23rd. The patient is recovering at this 
time (February 1, 1958). 


Case. E.R., a forty-six year old woman born 
on December 9, 1911, in New Jersey, has been a 
patient at the Mount Zion Clinic since the age of 
nine. The chief complaint was “heart trouble” 
since the age of two. Cyanosis was noted at an 
early examination with enlargement of the heart. 
There was a loud blowing systolic murmur over 
the left third and fourth intercostal spaces. A 
partial list of the hemograms obtained are pre- 
sented in Table 111. The hemograms are charted in 
Figure 1. There was a close correlation of poly- 
cythemia with exacerbation of symptoms in this 
patient. The electrocardiogram showed right axis 
deviation. A diagnosis of congenital pulmonic 
stenosis (tetralogy of Fallot) was made. 

The patient presented the following symptoms 
from the age of nine to thirty-eight which became 
progressively more severe and required hospitaliza- 
tion and vigorous treatment more and more fre- 
quently: syncope, precordial pain, bouts of intense 
cyanosis, bouts of severe dyspnea, nocturnal 
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Hgb. gms. 


1932 34 36 38 40 42 44 
Yeor 


Fic. 1. Chart of hemograms of patient E. R. (Case 1). 


dyspnea, orthopnea, wheezing, vertigo and parox- 
ysmal tachycardia. 

A catheter study in November, 1949, confirmed 
the diagnosis of pulmonic stenosis. The arterial 
oxygen saturation was 64 per cent. A left sub- 
clavian-pulmonary anastomosis was performed on 
November 16, 1949. Five days later the arterial 
oxygen saturation was 75 per cent. 

Following the Blalock-Taussig anastomosis the 
patient was remarkably improved. The cyanosis 
and clubbing largely disappeared and approached 
normal. Although she still had exertional dyspnea 
she could walk on the level indefinitely without 
shortness of breath. She had mild ankle edema and 
was kept on a salt-free diet with 0.1 mg. of digi- 
toxin daily. She had no further hospitalizations 
for syncope, precordial pain or severe dyspnea and 
cyanosis until October 6, 1955, when she had a 
syncopal attack thought to be psychogenic. On 
November 23, 1955, she had another syncopal 
attack at home in which she fell and incurred a 
fracture of the right ankle. At this time a con- 
tinuous murmur was heard and the Blalock- 
Taussig anastomosis appeared to be functioning. 

In November, 1946, it was no longer heard. Her 
condition remained good until September 1, 1957, 
when she was hospitalized for an attack of in- 
fluenza. The electrocardiograph showed a right 
bundle branch block (present since 1954) and right 
ventricular hypertrophy. Since the illness in 
September her condition deteriorated and she 
noted marked exercise intolerance with severe 
dyspnea on slight exertion, chest pain and deep 
cyanosis. She was hospitalized again on November 
II, 1957, for evaluation. 


A careful history revealed that some gradual 
recurrence of symptoms began four years pre- 
viously. (Fig. 1.) She was hospitalized for two 
syncopal attacks in 1955. Dyspnea was mild during 
most of 1957 but was particularly severe since Sep- 
tember, 1957. At this time she could walk less than a 
block. Examination revealed a soft systolic murmur 
at the left second intercostal space and a louder one 
at the left third and fourth intercostal spaces along 
the sternum. The pulmonic second sound was 
definitely split with approximately normal inten- 
sity of the pulmonic component. No diastolic mur- 
mur was heard. The rhythm was regular, rate 80. 
The liver edge was three fingerbreadths below the 
costal margin. A chest x-ray showed a rather 
marked enlargement of the pulmonary arteries. 
The differential diagnosis at this time included 
the following: (1) pulmonary hypertension, (2) 
thrombosis of the artificial ductus, or (3) insuffi- 
ciency of the shunt. 

The patient was catheterized on November 25, 
1957. The catheter did not enter the pulmonary 
artery. The pressure in the right ventricle was at 
the systemic level as expected. The saturation of 
the right brachial and femoral arteries was the 
same, namely, 69 per cent. 

Exploration on the right side was performed on 
November 29, 1957, in order to obtain a direct 
measurement of the blood pressure in the right pul- 
monary artery. Should the pressure be low, a sub- 
clavian-pulmonary anastomosis could then be 
made. However, a needle pressure determination in 
the branch of the right pulmonary artery to the 
right upper lobe revealed a blood pressure of 135/85. 
This was considered to be equal to the systemic 
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pressure obtained simultaneously with a cuff on 
the right arm (120/70). Therefore the chest was 
closed with nothing further being done. A biopsy 
specimen of the right lung showed surprisingly 
little change in the pulmonary vessels. The patient 
made an uncomplicated recovery from the thoracot- 
omy and claims to feel considerably better than 
before surgery, although this merely reflects the 
intensive rest and medical therapy associated with 
her hospitalization. 


Case 2. L. F., a thirty-four year old married 
woman, had been cyanotic since the first few weeks 
of life, particularly on exertion. In childhood she 
had syncopal attacks and her activity was always 
restricted. Attacks of cyanosis were brought on 
with moderate exercise such as walking one block 
on the level or the exertion of dressing herself. The 
episodes were always relieved by rest. Tachycardia 
occurred at times; dyspnea was not a prominent 
symptom. There was no history of congestive fail- 
ure, cough, chest pain, wheezing or orthopnea. 

The past history is of interest in that at age 
twenty-four she gave birth uneventfully to a 
5 pound boy who had a congenital stricture of the 
rectum, relieved by operations at three months 
and seven months of age. 

Physical examination prior to operation in 
March, 1953, revealed a markedly cyanotic woman 
with clubbing of the fingers and toes. A grade 4 
systolic murmur was heard all over the precordium 
but loudest in the left third intercostal space near 
the sternum. The second pulmonic sound was 
absent. The systemic blood pressure was 105/70. A 
catheter study was done on March 19, 1953, with 
the following results: 


| 
O, Content | Pressure 
(vol. %) (mm. Hg) 
Superior vena cava......... 
Right 9.6 8/4 
10.2 
Right ventricle............ 15.4 115/0-2 
15.3 
Main pulmonary artery..... 16.7 25/10 
Left pulmonary artery...... 16.1 18/8 


There was a large O» difference between the 
right atrium and right ventricular samples, indi- 
cating a left-to-right shunt at the ventricular level 
with a relatively mild pulmonic stenosis. There 
was a considerable: right-to-left shunt with 82 per 
cent arterial oxygen saturation. The pulmonary 
arteriovenous oxygen difference was almost normal. 


These findings suggest that a large defect or a 
single ventricle may be present. 

A Blalock-Taussig operation was performed on 
the left on March 24, 1953. Postoperatively the 
patient was much improved. Her exercise tolerance 
was increased, her color was improved and she did 
not become fatigued with moderate exertion. The 
arterial oxygen saturation was QI per cent on 
March 31st. She was able to go shopping for three 
or four hours at a time, whereas prior to operation 
she could not shop at all. Frontal headaches from 
which she had suffered no longer occurred. A loud 
continuous murmur could be heard in the left 
second intercostal space anteriorly and was also 
audible posteriorly. 

The patient became pregnant in May, 1955. The 
pregnancy was uneventful until two and a half 
months before term when dyspnea increased. She 
had a mild hacking cough for the preceding six 
months especially on reclining at night. The cough 
increased during the twenty-four hours prior to 
admission to the hospital in labor on February 11, 
1956. The labor was prolonged due to primary 
uterine inertia. 

She was delivered with low forceps at 8:04 P.M. 
on February 14, 1956, the membranes having 
ruptured at 5:00 p.M. Frank pulmonary edema 
developed toward the end of the delivery with the 
production of pink frothy sputum. She was 
treated with morphia, aminophylline, digitalis and 
positive pressure oxygen passed through 50 per cent 
alcohol. Her condition remained fairly stable during 
the night but the next morning the blood pressure 
fell and shock appeared. It required six injections 
of neo-synephrine® to maintain the blood pressure 
during the day. Levophed® was administered in a 
continuous intravenous drip for the next seventeen 
hours. One unit of blood was administered at 
7:00 p.M. on February 15th. The urinary output 
improved on February 16th and the patient there- 
after made a good recovery. 

The laboratory work included the following: 


| | | 
| Red | 
Hg | Hg | Blood | Packed 
Date Cell 
(gm.) (%) | Cell | 
C Volume 
| ount | 
| 16.0 103 | 4.79 | 
a/tssing6......<.. | 16.0 103 | 4.82 47 
16/5006. | 12.4 80 4.17 38 


2/23/1956 (day prior) 10.6 | 68 3.57 
to discharge from | 


hospital) 


Electrocardiogram: February 14, 1956: abnor- 
mal electrocardiogram showing right bundle 
branch block. February 16th: T wave changes 


— 


| 
| | 
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since February 14th are consistent with anterior 
myocardial ischemia but may be due in part to 
electrolyte disturbances. February 21st: abnormal 
electrocardiogram showing reversion of T wave 
since February 16th back to a normal pattern; 
incomplete right bundle branch block persists. 

X-ray of chest: February 13, 1956: considerable 
cardiac enlargement, pulmonary markings in- 
creased bilaterally; right costophrenic angle clear, 
left not as well visualized; lateral roentgenogram 
not obtained; these changes are compatible with 
cardiac decompensation. February 23rd: compari- 
son with the film of February 13th shows there has 
been considerable diminution in the size of the 
heart over this interval of time; the heart is still 
enlarged with a cardiac-thoracic ratio of 13.5:24.53 
there has also been a distinct clearing of the vascu- 
lar dilatation with the exception of residual 
infiltration at the left base. 

The patient recovered but became pregnant 
again, missing her August period. Supracervical 
hysterectomy was performed on September 13, 
1956, and the patient had a smooth postoperative 
course. At the last examination (January, 1958) 
the patient had a loud continuous murmur. Since 
her child was born and she underwent hysterec- 
tomy, she tires more easily than before. However, 
she is able to care for a lively twenty month old 
baby by herself as well as her nine year old child. 
She becomes fatigued from going up and down 
stairs at home but does not complain of shortness of 
breath. 

This case illustrates the fact that an artificial 
ductus added to the other congenital cardiac 
defects may impose a severe strain on the circula- 
tory system under an unusual condition of stress. 
The patient at age twenty-four apparently had 
an uneventful delivery. At age thirty-two when an 
artificial ductus was present a prolonged labor was 
followed by severe circulatory decompensation. 
After recovering from this episode, however, the 
patient was able to undergo abdominal hysterec- 
tomy without complication. 


COMMENTS 


The tetralogy of Fallot assumes a different 
physiognomy as more is learned about this 
complex. When Fallot correlated the clinical 
and pathologic findings in 1888 [3], he enunci- 
ated the four anatomic characteristics included 
in the term tetralogy, i.e., pulmonic stenosis, 
interventricular septal defect, right ventricular 
hypertrophy and dextroposition of the aorta. 

he concept of a more or less standard lesion 


is no longer acceptable. A wide range of 


pathologic and clinical gradations have been 
described by numerous authors [4~6,8-11]. The 
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right ventricular hypertrophy and dextroposi- 
tion of the aorta appear to be unessential 
components of the basic dynamics of this 
lesion. As Blount [4] and others have indicated, 
right ventricular hypertrophy is purely a sec- 
ondary phenomenon, its presence or severity 
determined by the two basic lesions which are 
the ventricular septal defect and pulmonic steno- 
sis. Lillehei and colleagues [5], early in their 
work on open heart surgery, pointed out the 
absence in fresh specimens of true dextroposi- 
tion of the aorta compared to the fallacious 
observations made in formalin-fixed hearts. 
Their observations have been extensively con- 
firmed by open operations on living hearts. 
True dextroposition only occurs in transposi- 
tion of the great vessels. 

This group of eight patients survived past 
childhood and adolescence whereas most pa- 
tients with untreated tetralogies die before 
they reach their teens [9]. In fact, five of the 
eight patients were eighteen years of age or older 
at the time of operation. The considerations in 
the preceding paragraph suggest that the 
lesions in this group of patients are either 
mild functionally or have been compensated 
for by the development of extensive collateral 
circulation to the lungs via the bronchial 
circulation. One may hypothecate that the 
ductus arteriosus does not close as early in 
these latter patients. The gamut of lesions 
from severe to mild to atypical tetralogy has 
been well described [4,6]. Bashour et al. [12] 
have reported eight adult patients who ana- 
tomically have the tetralogy of Fallot but 
physiologically are classified as pulmonic 
stenosis, ventricular septal defect and _ pre- 
ponderant left-to-right shunt without cyanosis. 
They state that overriding of the aorta does 
not occur. Rowe, Vlad and Keith [77] sum- 
marized the data on the atypical or acyanotic 
tetralogy. They conclude that in the atypical 
tetralogy “anastomotic procedures would seem 
to be contraindicated and valvotomy or in- 
fundibulectomy at this stage unwise because 
of the removal of a relative safeguard to pulmo- 
nary vasculature. More hopeful might be the 
closure of the ventricular septal defect under 
direct vision combined with valvotomy or 
infundibulectomy.” 

A number of complications may occur in pa- 
tients with the tetralogy of Fallot or may 
follow operations for the tetralogy of Fallot. 
These are listed in Table 1v. The operations 
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which have been in vogue before open heart 
surgery became the method of choice are (1) 
Blalock-Taussig subclavian-pulmonary anasto- 
mosis [1], (2) Potts-Smith side-to-side anasto- 
mosis between the aorta and left pulmonary 
artery [13], and (3) Brock operation in which 


TABLE IV 
COMPLICATIONS WHICH MAY OCCUR IN PATIENTS WITH 
THE TETRALOGY OF FALLOT 


1. General: 
1. Dyspnea on slight exertion, syncope, coma or 
convulsions 
2. Sustained rate of increase in hemoglobin, 
erythrocyte or hematocrit values 
3. Cerebral thrombosis 
4. Cerebral abscess 
5. Subacute bacterial endocarditis 
6. Cardiac failure (right heart) 
7. Retarded physical development 
i. Following Blalock-Taussig anastomosis: 
1. Thrombosis at site of anastomosis 
2. Subacute bacterial endocarditis 
3. Inadequate shunt 
4. Pulmonary hypertension 
5. Cardiac failure (left heart) 
i. Following Potts operation: 
1. Thrombosis at site of anastomosis 
2. Subacute bacterial endocarditis 
3. Inadequate shunt 
4. Pulmonary hypertension 
5. Cardiac failure (left heart) 
1v. Following Brock operation: 
1. Subacute bacterial endocarditis 
2. Eisenmenger complex with pulmonary hyper- 
tension and reversal of flow through the 
ventricular septal defect with progressive right 
heart failure 


the infundibular stenosis or valvular stenosis is 
removed by a right ventriculotomy approach 
[14]. 

Each of these operations is associated with 
its own complications as well as others common 
to the entire group. Thus patients with the 
Blalock-Taussig operation may have a recur- 
rence of symptoms from an inadequate shunt. 
White and co-authors [15] state that of 244 pa- 
tients originally improved by a subclavian- 
pulmonary shunt, twenty-three patients who 
had second operations failed to maintain im- 
provement from their first anastomosis. Sub- 
acute bacterial endocarditis may occur but 
there is no evidence of an increased susceptibil- 
ity to infection after the postoperative period 
[15]. Cerebral thrombosis, brain abscess or 
meningitis also may occur. Patient E. O. was 
a candidate for these complications because of 
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polycythemia which persisted to a severe 
degree even after a Blalock-Taussig operation, 
It is possible that closure of the shunt, indicated 
by the disappearance of the continuous mur- 
mur, may have played a part in the develop. 
ment of cerebral thrombosis and brain abscess, 
Ross et al. [16] have collected twenty-six pa- 
tients with a subclavian-pulmonary anastomo- 
sis in whom late hemodynamic complications 
such as cardiac enlargement and congestive 
failure developed. We have presented a patient 
(Case 1, E. R.) who was found to have pulmo- 
nary hypertension eight years following a 
Blalock-Taussig anastomosis. 

The Potts operation is more often associated 
with cardiac failure than the subclavian-pulmo- 
nary anastomosis because it is possible to make 
the opening between the aorta and pulmonary 
artery too large. Ross et al. [16] have reported 
the development of pulmonary hypertension 
in a patient with the Potts operation. They 
have also collected eight cases of late hemo- 
dynamic complications following a Potts proce- 
dure. The incidence of subacute bacterial 
endocarditis following the Potts operation is 
not known to us. 

The Brock operation gives excellent results 
in many cases. If too much of the stenosis is 
relieved, however, a left-to-right shunt may 
develop through the ventricular septal defect 
and hyperkinetic pulmonary hypertension is 
produced. 

The most favorable cases for the open heart 
operative repair of the tetralogy of Fallot, 
using a pump-oxygenator system, are those 
in which there are relatively moderate defects 
[4]. As the lesions become more severe, with 
large ventricular septal defects and extreme 
pulmonary stenosis approaching complete atre- 
sia, the results of open heart surgery are less 
satisfactory and there is an associated high 
mortality. Technical methods are being de- 
veloped to improve the results of open heart 
surgery [17]. However, in a number of institu- 
tions shunt procedures are employed for the 
severe tetralogy group, hoping that if the 
infants are able to survive and grow for a few 
years they will then be better risk candidates 
for open heart surgery. The subclavian-pulmo- 
nary anastomosis is favored over the Potts 
operation for this purpose since it is easier to 
take down at a subsequent operation. Patients 
who have survived to their teens or later usually 
have a well developed collateral flow to the 
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lungs through the bronchial arteries which 
creates certain technical problems. For this 
and other reasons it may be justified to use 
the shunt operations even in older persons 
until pump-oxygenator technics can offer as 
low a mortality. The risk of the shunt proce- 
dures is quite low in this group of patients 
[18,19]. 

Fortunately, in most of the patients in the 
group presented herein complications did not 
develop, and five of the seven patients with 
the tetralogy have had prolonged improvement. 
This is no doubt due to the favorable nature 
of the lesions. With curative rather than pallia- 
tive surgery, afforded by open heart procedures, 
it is hoped that early and late postoperative 
complications will be reduced to a“ minimum 
or will be eliminated completely. 

Case 7 (patient E. O.) illustrates several com- 
plications which can occur in patients with the 
tetralogy of Fallot. The incidence of subacute 
bacterial endocarditis and brain abscess are 
discussed by Taussig [g] and others. Cessation 
of function of the shunt, manifested by the 
diastolic murmur becoming inaudible and 
exacerbation of cyanosis did not appear to 
affect this patient very much, whereas it was 
associated with severe symptoms in Case I 
(patient E. R.). Perhaps the flow through the 
shunt was small in the former patient. This is 
suggested by the persistence of polycythemia 
and the character of the diastolic murmur 
which was a “humming top type.” Whether 
vegetations occurred on the ductus and played 
a part in its closure is speculative. 

Case 1 (patient E. R.) is a proven example 
of the development of pulmonary hypertension 
in a patient with the tetralogy of Fallot follow- 
ing a Blalock-Taussig anastomosis. The con- 
tinuous murmur no longer could be heard and 
this was associated with severe symptoms as 
described. We are unable to find another case 
in the literature in which the pulmonary hyper- 
tension was verified by a direct measurement 
of the blood pressure in the pulmonary artery. 
Ross and associates [16] have reported a num- 
ber of cases in which pulmonary hypertension 
is suspected. 

The third case summarized (patient L. F.) 
represents an unusual incident in a patient 
with the tetralogy of Fallot in whom a shunt 
had been created. In this patient acute pulmo- 
nary edema and severe congestive failure de- 
veloped under the stress of prolonged labor. 
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Vasopressor drugs and transfusion were re- 
quired to maintain the blood pressure. Un- 
doubtedly the artificial ductus arteriosus 
played the major role in the left heart failure, 
rather than the ventricular septal defect or 
the pulmonic stenosis. It is well known that a 
patent ductus places a strain on the left ven- 
tricle since the flow through the patent ductus 
returns to the left side of the heart, and that 
the output of the left ventricle may be more 
than double that of the right ventricle [20,21]. 
White et al. [15] have particularly noted the 
rarity of left heart failure in their extensive 
series of patients treated by a subclavian-pul- 
monary anastomosis. Ross et al. [16], however, 
noted that in three of thirty-four patients 
having anastomotic procedures (either Blalock- 
Taussig or Potts procedures) congestive heart 
failure of the high output type developed. It is 
well known that in pregnancy there is an 
increase in the blood volume, cardiac output, 
work of the heart and oxygen consumption [22]. 
Although these factors are reduced somewhat 
toward the end of the third trimester, there 
is a slight increase in the work of the heart asso- 
ciated with labor [23]. The strain of labor is 
ordinarily less than that of pregnancy, but 
patient L. F. (Case 2) had an abnormal labor 
which may have precipitated cardiac failure in 
a heart with diminished functional reserve. 
Espino-Vela and Castro-Abreu [24] have re- 
ported a case of tetralogy of Fallot in a patient 
who had a successful Blalock-Taussig anasto- 
mosis at the age of twenty and at the age of 
twenty-three delivered a normal infant. There 
was a minimal manifestation of heart failure 
which required small doses of digitalis. These 
entirely disappeared after delivery. They have 
also reported three fatal cases of twenty-eight 
patients with patent ductus arteriosus asso- 
ciated with pregnancy. 
SUMMARY 

1. Eight patients with the tetralogy of 
Fallot, including one patient with the pentalogy 
of Fallot, treated by a subclavian-pulmonary 
artery anastomosis have been followed up 
five to ten years (average, eight years) following 
operation. The patients now are twenty-one to 
forty-six years of age. 

2. Three of the seven patients with a classic 
tetralogy and a shunt operation have had 
complications which are discussed in detail. 
The complications include alteration in the 
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shunt manifested by the murmur becoming 
inaudible. In one patient there was probably 
organic occlusion of the shunt. In the second 
patient late defunction of the artificial ductus 
occurred secondary to the development of pul- 
monary hypertension. This was proved by 
direct measurement of the blood pressure in 
the pulmonary artery. Other complications 
were subacute bacterial endocarditis, brain 
abscess probably secondary to cerebral throm- 
bosis and acute left heart failure in the course 
of prolonged labor. 

3. It is concluded that at the present time 
there may be indications for shunt procedures 
in certain instances. Open operations have a 
higher risk than shunt procedures In certain 
categories of the tetralogy. It is recognized 
that in the future, when the mortality of open 
operations is further reduced, there will be 
fewer indications for anastomotic operations. 
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DISCUSSION 
H. Bropiet STEPHENS (San Francisco, Calif.): 
Dr. Leeds has reported on eight patients who have 
had a Blalock-Taussig anastomosis more than five 
years previously. At the present time all patients 
are over twenty-one years of age. At the time of 
operation the patients’ ages ranged from fourteen 


t¢ 
p 
n 
t 
\ 
244 


to thirty-eight years. The fact that the youngest 
patient was fourteen years of age at the time of 
operation suggests that this group of patients had 
only mild to moderate degrees of impaired pulmo- 
nary flow. 

On the other hand, Dr. Leeds mentions a pa- 
tient of eighteen who, at necropsy, was found to 
have pulmonary atresia. Perhaps it would be more 
astute for me to classify this group of patients as 
being better compensated than some other patients 
with the tetralogy of Fallot. 

Dr. Leeds has reported in detail the complica- 
tions that occurred in three of seven patients. In 
relating the complications that may arise both 
with and without operation, he has presented 
valuable information that can be used in the 
general category of indications for operation. 

Dr. Leeds has indicated the superiority of the 
curative operation employed in total heart-lung 
by-pass over the shunt procedure. The present 
high mortality of the curative procedure certainly 
makes the shunt operation more attractive. On 
the other hand, the adhesions between the lung 
and the chest wall following a shunt operation are 
truly formidable, and frequently impossible to 
separate in vivo because of the rich vascular 
network that develops. 

These facts tend to mitigate against the use of 
the shunt as a preliminary operative procedure. 
The many complications that can occur in the 
tetralogy of Fallot, both with and without a shunt 
operation, suggest that a definitive curative proce- 
dure will be our ultimate surgical goal. 

Rapid stides being made in the technic of total 
heart-lung by-pass suggest that in the management 
of the infant with this congenital cardiac defect, if 
at all possible, operation should be deferred until 
the corrective procedure can be performed. 

As Dr. Leeds has indicated in his thoughtful 
presentation, it is the patient past adolescence who 
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is beginning to experience difficulty that presents 
the problem in management. From the results ob- 
tained in the group of patients presented by him, 
it would appear that there still remains a place for 
the shunt operation in the surgical treatment of 
the tetralogy of Fallot. 

One of our patients, who is now nineteen years 
of age, was operated upon in 1950. She is now a 
well developed and well nourished young mother 
without visible cyanosis and with minimal clubbing. 
This patient was delivered of a baby boy a few 
months ago who is quite healthy in all respects. 
The patient went through labor, incidentally, with 
no difficulty. 

I enjoyed the opportunity to discuss this paper 
and would appreciate it very much if Dr. Leeds 
would comment on the fact that six of his eight 
patients had an anastomosis on the left side. Was 
the aortic arch on the right side in these six pa- 
tients, or is Dr. Leeds satisfied with the flow be- 
tween the left subclavian artery and the left pul- 
monary artery anastomosis in the presence of a 
left aortic arch? 

SanFrorD Leeps (closing): We have adopted 
the practice of making anastomoses on the left 
side even when there is a left arch, Dr. Stephens, 
because in our earlier experience we had some 
difficult anastomoses with short right pulmonary 
arteries and a short right subclavian artery. I think 
our results are better on the left side. 

There was one complication which | did not 
mention because we did not encounter it, but 
which is commented upon by Dr. Taussig and 
her group in their review of 1,000 cases, and that 
is an inadequate shunt. This occurs occasionally 
following the Blalock-Taussig anastomosis, and 
in a number of their cases an anastomosis was 
made on the other side with improvement of the 
patient. This complication was considerably more 
frequent than pulmonary hypertension. 
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From the Department of Surgery, University of California 
School of Medicine, San Francisco, California. 
recovery from pulmonary 
resection can be accomplished with brief 
hospitalization and nearly total restoration of 
both pulmonary and musculoskeletal function. 
Little emphasis has been placed on postopera- 
tive practices in this field and poor results often 
follow satisfactory technical procedures. 

The restoration of full pulmonary expansion 
and ventilation not only is functionally impor- 
tant but also is helpful in preventing pulmonary 
complications, empyema and _ bronchopleural 
fistula. I believe that this is best accomplished 
by prompt and total obliteration of the pleural 
space in the immediate postoperative period, 
that vigorous measures must be employed to 
attain satisfactory results and that ordinary 
drainage methods are inadequate. Atelectatic 
lung becomes increasingly difficult to expand; 
pleural deposits of blood and fibrin rapidly 
become organized cortex or loculated pockets, 
and early patterns of pain lead to suppressed 
ventilation with extended disability. 

Preventive measures fall into three cate- 
gories: promotion of voluntary respiratory 
excursion; maintenance of a constantly clear 
airway, and permanent apposition of lung 
surface to thoracic wall. 

Ventilation. Restoration of normal ventila- 
tory excursion on the operated side is essential 
for re-expansion of the lung and _ bronchial 
cleansing. This objective can best be attained 
by attention to several important details, such 
as: (1) preoperative instruction in optimal 
posture and breathing technics; (2) explanation 
and assurance to the patient that it is necessary 
to cough and breathe deeply despite pain; (3) 
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minimizing pulmonary collapse during thora- 
cotomy and frequent, periodic full expansion 
of the lung during the procedure; (4) division 
of two or more intercostal nerves to reduce post- 
operative pain and splinting; (5) use of light, 
unrestricting surgical dressings; (6) restricting 
the postoperative use of narcotics, substituting 
sedatives when suitable (narcotics should not 
be used for restlessness and dosage should not 
produce somnolence); (7) starting arm motion 
and chest expansion immediately after anes- 
thesia to counteract voluntary splinting. 

On the contrary, certain common occurrences 
are likely to prejudice the desired objective. 
One is the failure to recognize and treat the 
subnormal ventilation in the early postanes- 
thetic period and another is the excessive use 
of oxygen therapy for ventilation in the post- 
operative period. 

Controlled respiration, with or without mus- 
cle relaxant drugs, is usually employed with 
intratracheal anesthesia. Respiratory reflexes 
are suppressed by this measure and often are 
influenced further by the cumulative effects of 
anesthetic drugs and chronic hypoxia in long 
operative procedures. Thus a patient too often 
is extubated and moved out of the operating 
room before spontaneous ventilation has pro- 
duced adequate air exchange in the critical 
phase of his recovery. Both surgeon and anes- 
thetist should not consider their active respon- 
sibility ended with the close of the technical 
procedure. Ventilatory support and stimulation 
must be continued until satisfactory spontane- 
ous excursion of the diaphragm and rib cage 
has been restored with adequate tidal air 
volume. 

Postoperative oxygen is a common, if not 
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Fic. 1. Open-ended, curved-tip catheter for tracheal aspiration, with glass Y 
tube attached to release and control suction. Curved end is produced by auto- 
claving with bent paper clip in slightly exaggerated curve, as indicated in 
lower catheter. 
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Fic. 2. Cutaway illustration of position for insertion of catheter into trachea. Note how curved end 
points into forward-placed larynx with tongue extended. Straight tube as indicated tends to drop 


into esophagus. In small children the larynx is higher and the tongue can be retracted, or the 
straight tube can be used. 
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Fic. 3. Schematic demonstration of low versus high vacuum systems attached to the chest during 
high negative pressure inspiratory phase. A, low vacuum. Inspiration against resistance produces 
high intrapleural vacuum which exceeds suction applied and lung falls away. B, bigh vacuum. Vac- 
uum exceeds highest intrapleural negative pressure and lung is maintained in maximal expansion. 


routine, adjunct following pulmonary resection 
but its value is questionable and its detrimental 
effects are often overlooked. When ventilatory 
insufficiency exists or is created by the proce- 
dure (as in pneumonectomy), high oxygen 
atmosphere may be of value beyond the imme- 
diate postanesthetic recovery period. But 
where adequate ventilatory capacity exists, 
blood-oxygen saturation can be accomplished 
with room air and efforts should be directed 
toward utilizing this capacity. Fear, pain, 
heavy dressings, excessive narcotics and secre- 
tions in the airway all may impair this utiliza- 
tion. Unless oxygen is administered with an 
effective nebulizer and detergent, it is likely to 
promote further drying of secretions and im- 
pairment of the airway. The usual oxygen 
humidifiers do not supply adequate moisture. 
Furthermore, experimental and clinical studies 
have demonstrated that high oxygen levels of 
inspired air can result in decreased ventilation, 
increased blood CO, levels and respiratory 
acidosis [1]. 


Muintenance of Airway. Primary expansion 
can occur only with a completely open airway; 
this demands alert, energetic attention in the 
postoperative hours. Aspiration of the trachea 
with a curved-tip catheter should be done at 
frequent intervals as needed, unless a. cough 
can be elicited. (Figs. 1 and 2.) Having the 
patient stand at the bedside in the early post- 
anesthetic period causes the diaphragm to 
descend and promotes full expansion of the 
lung. Inhalation of small particle mist (with 
detergent) and the use of expectorants have 
proved to be of value in liquefying tenacious 
secretions [2]. Tracheotomy is recommended 
whenever inadequate cough reflex or unsuccess- 
ful aspiration results in failure to maintain a 
clear tracheobronchial airway. This simple 
procedure deserves earlier and more frequent 
consideration and often should be done pro- 
phylactically at the time of thoracotomy. 

Obliteration of the Pleural Space. Prompt, 
total and permanent evacuation of the pleural 
space is very important for a good functional 
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Fic. 4. Schematic demonstration of low capacity pump attached to the chest in the presence of a leaking lung. The 
pleural space may never be evacuated. A, inspiration. Pleural air accumulates during inspiration faster than pump 
removes it. Depending on size of leak, the pleural negative pressure may be lost. B, forced expiration. Large volume 
outflow under positive pressure exceeds pump capacity; pump becomes relative obstruction and water is forced up 
vacuum vent tube. (Relaxed expiration produces less pressure but accumulated pleural air is never evacuated by low 


flow pump.) 


result and to reduce the incidence of complica- 
tion. The success of such obliteration is de- 
pendent on: (1) the maintenance of a patent, 
ait-tight communication between the thorax 
and a drainage bottle; (2) the reduction of 
any discrepancy in volume between the tho- 
racic cavity and the remaining lung tissue; and 
(3) the prevention of aerodynamic states which 
permit the accumulation of pleural air. 

The difficulties of evacuating loculated fluid 
and maintaining patency of tubes are well 
known and seem to have no perfect solution. 
I use No. 38 F. or 40 F. right angle nephrostomy 
tubes directed into the apex and into the de- 
pendent costophrenic sulcus. Saline solution is 
left in the chest during the closure to inhibit 
clotting until suction is applied. Proteolytic 
enzymes (tryptar® or varidase®) are injected 
through the tubes in the early postoperative 
period, as described by Tillett et al. [3-5], when 
8 will not drain and fluid remains in the 
chest. 
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Total apposition of visceral and parietal sur- 
faces is desirable when possible, particularly 
after resection for tuberculosis. Selective use of 
pneumoperitoneum or concomitant modified 
thoracoplasty is recommended to this end. 
Postoperative atelectasis, which compounds 
the problem, is to be prevented by measures 
indicated previously and by avoiding prolonged 
pulmonary collapse during operation. 

Of particular importance and often over- 
looked is the necessity of maintaining a con- 
stant vacuum sufficient to prevent the reac- 
cumulation ‘of pleural air space and separation 
of apposed surfaces. In the presence of alveolar 
or bronchiolar air leak this problem is obviously 
compounded. Suction should always be applied 
to the chest tubes through a closely regulated 
system with adequate vacuum and flow capaci- 
ties which will exceed the negative pressure of 
inspiration on the one hand and the maximum 
volume of air leak on the other. Although quiet, 
unobstructed respiration may produce no more 
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than 4 to 6 cm. H.O of negative pressure, there 
is frequently partial obstruction of the airway 
postoperatively (from bronchial excretions, 
laryngospasm, edema and so forth). Intra- 
pleural inspiratory vacuum of more than 35 cm. 


Fic. 5. Schematic demonstration of bigh flow suction 
attached to chest that has a leaking lung. Flow is 
sufficient to maintain the desired vacuum and still 
remove all the leaking air. Large flow suction exceeds 
volume of lung leak and maintains vacuum during all 
phases of respiration. Lung remains expanded. 


H.O has often been measured under these con- 
ditions. Unless suction is strong enough to 
counterbalance this momentary vacuum, air 
or fluid is drawn up the drainage tube and the 
tissue surfaces in the chest are separated. Thus 
the suction should be adjustable over a wide 
range and is set to a level which nearly sup- 
presses the respiratory fluctuation in the under- 
water seal tube. (Figs. 3 to 7.) 

It has been contended that air leak may be 
sustained by suction and would close if partial 
collapse were permitted. In my experience, 
however, a leak will often stop when the 
surfaces are pulled together. Pulmonary air 
leak produces more direct and extensive separa- 
tion of surfaces and tends to destroy the vac- 
uum. The system must have a flow great enough 
to remove all the leak and still maintain the 
desired negative pressure during both phases of 
respiration. With inadequate flow through the 
suction source the lung will leak more air 
during inspiration than is removed and a 
pleural pocket will develop. Only partial 
evacuation may occur during expiration, de- 
pending on the pump capacity. With coughing 
or positive intrapleural pressure the air may 
be forced out faster than the pump can handle 
it and tension pneumothorax will be produced. 
The practice of connecting a chest tube directly 
to an underwater seal container without suction 
is deplored in postresection cases. The normal 
pleural vacuum promotes the development of 
a space which here is evacuated only by posi- 
tive pressure or by the unreliable siphon effect. 
As the fluid level is raised by discharge, further 
resistance to outflow is produced. 
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Fluid Water Suction 
collection seal control 
bottle bottle bottle 


Fic. 6. A, illustration of the apparatus used to control vacuum. The metal tube in the long plastic 
cylinder can be adjusted to the desired depth, thus producing the desired vacuum. One arm from 
this cylinder is attached to wall suction (or a high capacity pump) and the other arm is the under- 
water seal trap bottle and the fluid collection bottle in series. B, diagrammatic representation of 


system illustrated. 
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Fic. 7. X-ray films of the chest of a patient who sustained a knife wound of the right lung, resulting in a large pleural 
air leak. The first film (A) demonstrates partially collapsed lung (edge outlined), with thoracostomy tube attached to 
Stedman pump and 12 cm. H,O of negative pressure. Second film (B) demonstrates fully expanded lung on 33 cm. 
H.O vacuum and large capacity pump. Third view (C) shows expanded lung after removal of chest tube (3) days later. 


In my experience physical signs in the chest 
postoperatively are often deceiving and more 
information is necessary to guide effective 
therapy. A bedside roentgenogram of the chest 
should be obtained three or four hours post- 
operatively and again the following morning. 
Beyond these times a valuable opportunity to 
correct a potential complication may be lost. 


SUMMARY 


Evacuation of the pleural space and apposi- 
tion of tissue surfaces after pulmonary resection 
is promoted by measures which aid pulmonary 
expansion on the one hand and which maintain 
a constant pleural vacuum on the other. 
Thoracostomy tubes should be connected to a 
closed system which maintains a vacuum 
greater than peak negative pressures in the 
chest and a flow capacity greater than any 
anticipated air leak. 
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DISCUSSION 
Paut C. Samson (Oakland, Calif.): Dr. Roe is 


to be commended for assembling the many details 
of postoperative management of the chest which 
are so necessary to success. His remarks should be 
read in detail by the surgeon who only occasionally 
enters the chest. By following the precepts outlined, 
results should be appreciably improved. 

Of course some of the modalities so ably de- 
scribed by Dr. Roe have been employed for a 
number of years by thoracic surgeons. For in- 
stance, tracheobronchial catheter aspiration was 
originally described by Haight in 1939 and later 
was used extensively and reported by us in success- 
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fully combatting the traumatic wet lung of war 
casualities. 

The value of tracheotomy in selected cases can- 
not be overemphasized, and I am sure Dr. Roe 
would have enlarged on this had time permitted. 
With continuous secretion problems, tracheotomy 
is mandatory. Likewise, it is invaluable in cases of 
respiratory insufficiency (from whatever cause) 
to cut down dead space, and in patients who may 
be incapacitated from cerebral and maxillofacial 
complications of vascular, anoxic or traumatic 
origin. | agree that circumstances often will 
dictate a prophylactic tracheotomy at the time of 
thoracotomy. 

I am surprised, however, that bronchoscopy was 
not mentioned in his discussion of airway main- 
tenance. It deserves to be included. Particularly 
with the development of massive atelectasis, 
tenacious secretions may escape the probing but 
blind end of an intratracheal catheter. As a matter 
of fact, better oxygenation can be maintained dur- 
ing bronchoscopy than during tracheobronchial 
catheter aspiration. Bronchoscopy can be per- 
formed with the patient in bed, often with little or 
no topical anesthesia; if one’s technic is gentle, it 
can be repeated daily. 

I believe there is common agreement among 
thoracic surgeons with the dictum that prompt 
pulmonary re-expansion and obliteration of pleural 
space is the best insurance against all pleural com- 
plications including empyema. Dr. Roe has well 
outlined how this can be accomplished. I applaud 
the use of at least two right-angled tubes of ade- 
quate caliber. There is no argument with the prin- 
ciple of a high volume, high vacuum suction system 
when alveolar air leaks are present. We have all had 
poor experience with the smaller low-flow pumps of 
the Stedman type in this situation. I do not agree, 
however, that a suction pump is always necessary. 
With a clean lobectomy, no air leaks and normally 
expansile remaining lobes, there is no problem in 
obliterating the pleural space within a few hours 
using simple water trap bottles. 

Finally, | wonder about the advisability of divid- 
ing intercostal nerves in an effort to cut down on 
postoperative pain. We stopped such division 
several years ago and I have not been able to 
determine that patients with intact intercostal 
nerves have appreciably more pain than those 
whose nerves were suctioned. We stopped because 
it seemed that there was an undue prolongation of 
chest wall discomfort for a number of months fol- 
lowing operation, with the sensation of band-like 
tightness and anesthesia which persisted for a long, 
long time. This type of prolonged discomfort has 
not been nearly so frequent since we stopped 
resecting nerves. 

In conclusion, this essay is an excellent summary 
of basic principles in postoperative thoracic man- 
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agement and will reward each who studies it. I have 
enjoyed the privilege of discussing this paper. 

Lyman A. Brewer, 111 (Los Angeles, Calif.): I, 
too, have enjoyed Dr. Roe’s paper. I think getting 
back to fundamentals is something that we should 
do and we can benefit by restudying these basic 
principles. 

The problem of pain in the chest wall is certainly 
a difficult one. We have tried practically every 
known method, and | think that the question of 
whether a person has severe pain or not after 
surgery depends on his morale, his psyche, his 
general nervous tension. I think fear and pain are 
synonymous. The more you can allay the fear of 
the operation before surgery, the less postoperative 
pain you will have. 

I should like to comment on one particular phase 
of this paper. Dr. Roe has said the aim of the sur- 
geon is to have the lung expanded intact on the 
chest wall, and certainly in young people and 
people who do not have pulmonary fibrosis and 
emphysema, this can be done very readily. How- 
ever, in older patients and those with chronic pul- 
monary disease in the remaining lobe or lobes, the 
lung will not expand to fill the pleural cavity. A 
dead space remains which may measure up to 
1,500 cc. 

We have developed a procedure in the experi- 
mental laboratory and for the past five years have 
been applying it to human beings. This consists of 
fashioning a pleural partition out of fascia lata and 
placing it across the pleural cavity to divide it into 
two spaces. The inferior space is functional because 
75 per cent of ventilation is effected by the dia- 
phragm. The superior space is non-functional. 
Ventilation is normally minimal at the apex of the 
pleural cavity. The dead space gradually obliterates 
and a very small pleural cap remains six months 
following operation. 

The following are the common methods of man- 
aging a large intrapleural dead space: (1) thoraco- 
plasty, (2) phrenic paralysis, (3) foreign body 
plombage and (4) pneumoperitoneum. Thoraco- 
plasty is deforming and painful. With phrenic 
paralysis you usually lose a good deal of phrenic 
function. The pneumoperitoneum is probably less 
objectionable but is less effective. The implantation 
of large masses of foreign bodies in the intra- or 
extrapleural spaces courts infection and should 
be avoided. All these methods have certain 
disadvantages. 

In our method* of putting on a large fascia 
plastic graft across the pleural cavity, the graft is 
sewn simply to the chest wall and mediastinum. 
The remaining lobes of the lung below completely 
fill the functional compartment; the afunctional 
compartment above. The slide shows a man with 
a tremendous emphysema. The thickness of his 


* Dr. Brewer illustrated his discussion with slides. 


| 
252 


chest is evident. He had carcinoma of the lower 
lobe of the lung and was a very dyspneic man. 
Lobectomy obviously was the procedure of choice. 
The slide depicts the x-ray film two and a half years 
after left lower lobe lobectomy and fascia lata 
pleural partition. The patient’s diaphragm is up a 
little. The lung is expanded a bit more in front so 
that we have only a small space at the top which is 
non-functional. The remaining lobe functions well 
as shown by the diaphragmatic excursion. Atten- 
tion is directed to the depth of the diaphragmatic 
angle posteriorly. This is the lower lobe that was 
resected which is less ideal than an upper lobe for 
this procedure. We have performed sixty such 
operations and have followed up the patients for a 
period of time ranging from five years to five 
months. Complications have been minimal. This 
procedure does away with the painful and deform- 
ing aspects of thoracoplasty. It is a method of ful- 
filling one of the ideals, as was so ably mentioned 
by the speaker. 

Dr. Roe is to be complimented on a most inter- 
esting presentation. 

Benson B. Roe (closing): Dr. Samson is quite 
right in emphasizing the importance of bronchos- 
copy, particularly for the treatment of atelectasis. 
I did not wish to neglect it, but merely to empha- 
size that the measures described were those of a 
prophylactic and preventive nature. Obviously 
when we are faced with a real problem of atelectasis 
or really difficult secretions the patient must be 
aspirated with the bronchoscope. This does require 
more effort in most instances than tracheal aspira- 
tion, which is usually adequate as a preventive 


measure. 
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I am not surprised to find disagreement about the 
use of intercostal neurectomy, and I agree that 
patients do have this tingling sensation in the area 
of their incision for some time after. They are 
warned of this and seem not to be too disturbed 
by it. Perhaps I am overly impressed with the con- 
trast of the amount of pain, the lesser amount of 
pain, that they seem to have with neurectomy. | 
realize that this is a matter of reasonable dispute. 

I would still not agree about the use of under- 
water seal as sufficient drainage, although I am 
sure that it is quite adequate in many instances. It 
does not take care of the circumstances when the 
negative pleural pressure is built up during long 
deep inspiration in the presence of obstructive 
tracheal bronchial airway; and if you see fluctua- 
tion in the underwater seal tube, which you always 
do if there is good communication, this fluctuation 
is a reflection of what is happening to the two 
pleural surfaces. It must be. They must be pulling 
apart from each other, or else there would be none 
of this volume of air that is going up in the tube. 
It has to go somewhere and it has to be separating 
the surfaces, which is what we try to avoid. 

I have used Dr. Brewer’s partition on two occa- 
sions. I have not been as fortunate as he describes 
in getting an air-tight space, however. Perhaps 
I should use fascia lata as he describes, and not 
just pleura. 

I would certainly recommend this procedure, but 
the first desire is of course to obliterate dead space 
if it can be done, because this dead space contains 
secretions. Secretions are an ideal culture medium 
and an excellent space into which fistulas can 
develop. 
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The Use of the Bricker Operation 
in Urology 


Dona_p R. SMITH, M.D. AND Maurice GALANTE, M.D., San Francisco, California 


From the Departments of Urology and Surgery, Univer- 
sity of California School of Medicine, University of Cali- 
fornia Medical Center, San Francisco, California. 


AFE and efficient methods of urinary diver- 
S sion are essential to the practice of modern 
urology. Diversion is necessary in the radical 
treatment of cancer of the bladder (cystectomy) 


Fic. 1. Urinary reservoir with cutaneous drainage. 
Ileocecal pouch of Merricks and Gilchrist. 


and pelvic organs (pelvic exenteration), and 
may be useful in the palliative treatment of 
their complications (ureteral obstruction, vesi- 
covaginal fistula). Children suffering from in- 
continence caused by congenital anomalies (ex- 
strophy, myelomeningocele) may be made more 
comfortable by such a procedure. 


The ideal mode of diversion should afford (1) 
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urinary continence, (2) preservation of renal 
function and (3) low mortality and morbidity, 
Unfortunately, this has not yet been attained 
although much progress has recently been 
made. 

Up to ten years ago, three methods of per- 
manent diversion of the urinary stream were 


Fic. 2. Urinary conduit to the skin. Ileocutaneous 
ureterostomy of Bricker. 


available. They were: nephrostomy, uretero- 
cutaneous transplant, and ureterosigmoidos- 
tomy. Ureterosigmoidostomy remained in wide 
use because it provided urinary continence 
despite the significant morbidity caused by it. 
Since then, however, procedures have been 
designed which, of necessity, sacrifice urinary 
continence in favor of maintenance of renal 
function. 
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Fic. 3. Ureterosigmoidostomy in dog. Photomicrograph 
of kidney two months after operation. Evidence of 
severe pyelonephritis. (From: Smitu, D. R., Wurrrock, 
R. M., Gout, E. S. and Rutner, A. Ureteroileostomy. 
Arch. Surg., 72: 915-924, 1956.) 


METHODS OF URINARY DIVERSION 


Direct Cutaneous Fistulas. Nepbrostomy is a 
fairly efficient method of urinary drainage 
but placing a catheter through the renal 
parenchyma into the pelvis introduces infection 
which persists despite medication. Pyelonephri- 
tis causes gradual deterioration of renal func- 
tion. Nephrostomy is, however, of inestimable 
value for temporary urinary diversion when 
ureteral or lower tract obstruction threatens 
renal competency. 

Pyelostomy has limited usefulness for short 
term urinary diversion only. 

Ureterocutaneous transplant is fraught with 
complications, particularly stomatic stenosis. 

his necessitates indwelling catheters which 
lead to pyelonephritis and calculosis. 

Cystostomy with surgical closure of the blad- 
der neck has been recommended in the treat- 
ment of neurogenic bladder and lesions distal 
to the bladder but ascending infection is again 
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Fic. 4. Ureteroileostomy in dog. Photomicrograph of 
kidney three months after operation. No evidence of 
infection. (From: Smiru, D. R., Wuirrock, R. M., 
GouLp, E. S. and Rutner, A. Ureteroileostomy. Arch. 


Surg., 72: 915-924, 1956.) 


the rule; vesical calculi often form; and at 
times painful bladder spasms are experienced 
by the patient. 

“Wet” colostomy has been Brunschwig’s [9] 
method of urinary diversion in pelvic exentera- 
tion. Though the technic is simple, it presents 
obvious difficulties. 


Ureteral Transplant into the Intact Intestinal 
Tract. Ureterosigmoidostomy has been used 
extensively during the past fifty years but its 
only advantage is preservation of urinary con- 
tinence. This is attained, however, at great 
cost to the patient [16]. High intracolonic pres- 
sure dictates the need for an obstructed type 
of anastomosis to protect the urinary tract 
from reflux of gas and feces but this in turn 
leads to hydronephrosis which is almost always 
complicated by infection. 

The large bowel reabsorbs chloride much 
more readily than it does sodium [1]. Kidneys 
that function well can excrete such excesses 
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Fic. 5. Ileocutaneous ureterostomy in dog. Loop too long; kinked distal to 


ureteral anastomoses causing stasis and mucosal ulceration. (From: Smiru, 
D. R., Wuirrock, R. M., Gouin, E. S. and Rutner, A. Ureteroileostomy. 


Arch. Surg., 72: 915-924, 1956.) 


but as renal damage progresses this power 
becomes limited. Hyperchloremia requires the 
elimination of carbon dioxide in order to main- 
tain acid-base balance. The symptoms of hyper- 
chloremic acidosis may be severe though often 
controllable by low salt intake and alkaline 
therapy. 

Dissatisfaction with the long term results of 
ureterosigmoidostomy has led to the recent 
enthusiasm for technics that preserve renal 
function and prevent differential ion absorption 
and its sequelae. 


Ureteral Transplant into Isolated Intestinal 
Segments. Urinary reservoir with cutaneous 
drainage: Gilchrist and Merricks [15] have 
modified an operation first described by Ver- 
hoogen and De Graeuwe in 1909 [33]. The 
terminal ileum, cecum, and part of the ascend- 
ing colon are isolated for use as a urinary reser- 
voir into which the ureters are placed; the 
terminal ileum is brought to the skin. (Fig. 1.) 
Merricks and Gilchrist have formed this cecal 
pouch in forty-three patients [23]. (Fig. 1.) 
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Continence is maintained by the ileocecal 
valve and the antiperistaltic ileal segment. It 
is necessary for the patients to catheterize their 
substitute bladders as required. The degree of 
continence attained has been questioned by 
Wells [34]. 

Urinary conduit to skin: The most widely 
used method for diversion of the urine today 
is ileocutaneous ureterostomy  (ureteroileal 
conduit; Bricker procedure) [2,5,6,17,26,31]. 
(Fig. 2.) 

A 5 to 7 inch segment of terminal ileum is 
isolated and continuity of the small bowel is 
re-established. The proximal end of the isolated 
loop is closed, the ureters are anastomosed to It, 
and its distal end is exteriorized in the right 
lower quadrant of the abdomen. Thus the ileal 
segment acts as an active (isoperistaltic) 
conduit for drainage of urine. 

Although continence is sacrificed, renal func- 
tion is well preserved because the intraluminary 
pressure of the ileum is low. This allows the 
formation of an unobstructed anastomosis of 
the ureters to this conduit; ureteral obstruction 
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is absent. Because urinary stasis does not occur 
in the ileal loop, renal infection is seldom a 
problem. Hyperchloremic acidosis develops 
only if renal damage is severe. This operation, 
therefore, preserves renal function. Its cost is 
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Fic. 6. Continent rectal bladder with proximal colos- 
tomy. 


urinary incontinence, though a Rutzen-type 
bag keeps the patient dry and odorless. 

The contrast between kidneys drained by 
ureterosigmoidostomy and ureteroileal 
conduit has been graphically shown by a series 
of experiments on dogs [30]. Figure 3 shows 
a typical photomicrograph of a kidrey whose 
ureter drained into the intact sigmoid. Figure 4 
represents the microscopic appearance of kid- 
neys that drained into an ileal conduit. The 
former shows acute and chronic infection; in the 
latter, infection is absent. 

Our laboratory studies further demonstrated 
the undesirability of having an excess length 
of ileal loop (Fig. 5); this is apt to cause kinking 
of the bowel distal to the ureteroileostomies, 
leading to obstruction and stasis of urine. 
Ulceration of the mucosa may then develop. 

Maintenance of urinary continence: Trans- 
plantation of the ureters into the isolated recto- 
sigmoid with proximal colostomy was first sug- 
gested by Mauclaire in 1895 [18]. (Fig. 6.) 
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Pyrah [27,28] believes it to be the best answer 
to the problem of urinary diversion. His opera- 
tive mortality in twenty cases was I0 per cent. 
Technically, this is the simplest method of 
diversion into excluded bowel and it enjoys a 


Fic. 7. Continent rectal bladder with continent perineal 
colostomy of Gersuny-Johnson. Proximal sigmoid is 
brought down anterior to the rectum and under the 
anal sphincter. 


low incidence of renal injury and electrolyte 
aberration. The drawback of the procedure is 
the need for a fecal colostomy. 

The rectal bladder with perineal colostomy was 
first used by Gersuny in 1898 [19]. (Fig. 7.) 
Johnson [20,21] recently reported upon seven- 
teen patients treated in this manner; he states 
that all of these patients are continent of both 
feces and urine. Obviously, this is the ultimate 
goal of all surgeons. Stonington and Eiseman 
[32] have also recorded their experiences with 
five patients. From the technical standpoint, 
the Gersuny-Johnson operation is a formidable 
procedure. Reports of further experiences with 
this operation are anxiously awaited. 

Ileal or sigmoid urethral anastomosis is shown 
in Figure 8. Transplantation of the ureters-into 
an isolated segment of ileum or sigmoid [22] 
which in turn is anastomosed to the mid- 
prostate or to the bladder neck offers the 
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possibility of a continent urinary reservoir. 
Giertz and Franksson [74] have recently re- 
ported their experiences with thirty-five pa- 
tients treated in this manner. They prefer to 
divide the ileal loop on its antimesenteric 
border, fold it to form a ““U”’ 


and suture the 


Fic. 8. Ureteroileal urethral anastomosis with con- 
tinence. An isolated segment of sigmoid can also be used. 
The “intestinal”’ bladder is anastomosed to the bladder 
neck or prostate. 


lateral edges together thereby forming a pouch. 
Their results from the standpoint of renal 
function were good. Although urinary control 
was attained during the day, more than half 
the patients suffered nocturnal incontinence. 
Pyrah [28] has also recorded success in one 
instance by using this principle but the patient 
had nocturnal incontinence. Cibert [10], using 
a similar technic, observed the same aberration 
of function in his patients and stated that 
preservation of the trigone is necessary in order 
to maintain continence both day and night. 
This would, of course, sharply limit its useful- 
ness in the treatment of vesical cancer. 


PERSONAL EXPERIENCE WITH THE BRICKER 
PROCEDURE 


During the past three years we have formed 
ureteroileal conduits in thirty patients, twenty- 
one of whom had cancer. Three deaths (10 per 
cent) occurred in the postoperative period. 
(Table 1.) A brief summary of the diagnosis, 
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postoperative course and autopsy findings in 
these three patients may be of interest. 


CASE REPORTS 


Case 1. R. S., a fifty-two year old man, 
had had hematuria for four years. Cystoscopy 


TABLE 1 
INDICATIONS FOR URETEROILEAL CONDUIT PROCEDURE, 
WITH OPERATIVE MORTALITY 


| 


| No. of Opera- 


tive 


Indications 
| Patients | 
| | Deaths 


Malignant D Disea se 


Bladder: 
Sarcoma 
| I 
Carcinoma | 
Palliative diversion............| | 3 
Cervix (diversion only): 
Invasion of bladder.......... I 
Vesicovaginal fistula, postradiation| I 
Bilateral hydronephrosis, ureteral 


Benign Disease 


Neurogenic bladder in children (age | 


Vesical tuberculosis with hydrone- | | 
Exstrophy of the bladder (age 14 | | 


visualized a large tumor occupying the trigonal 
area. Biopsy revealed grade 2 transitional cell 
carcinoma, deeply invading the vesical muscula- 
ture. Intravenous urograms showed moderate 
bilateral ureterohydronephrosis. 

On February 2, 1957 the abdomen was explored. 
No evident metastases were found; the bladder was 
freely movable. The patient tolerated the anes- 
thetic poorly so only the ureteroileal conduit was 
formed. For the first seven days his progress was 
uneventful. Intravenous urograms taken on the 
seventh postoperative day showed improvement 
in the dilatation of the upper tract. The patient 
then became increasingly ill with high fever caused 
by a fulminating, necrotizing Staphylococcus 
aureus wound infection. Despite intensive anti- 
biotic therapy he died on the fifteenth day following 
his operation. Autopsy revealed metastatic ab- 
scesses in many organs but the ureteroileostomies 
were normal, 
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H. W., a sixty-seven year old man, 


CASE Il. 
had had eleven transurethral procedures for con- 
trol of multiple papillomata (grade 1 carcinoma) 
of the bladder in 1955 and 1956. He had also been 
given intracavitary cobalt radiation therapy on 


two occasions, followed in December, 1956 by 
treatment with the synchrotron for papillomata 
involving the bladder and extending to the external 
urinary meatus. These therapeutic endeavors 
caused his bladder to contract so that it barely 
allowed placement of a Foley catheter (capacity 
8 ml.). The left ureter gradually became occluded 
at the bladder level and moderate hydronephrosis 
developed on the right. 

On November 11, 1957 a Bricker procedure was 
performed. The ureters appeared somewhat fi- 
brosed; both were dilated. The mesentery of the 
ileal loop was thick with fat and far too short to 
allow the loop to be brought down to the ureters. 
It was, therefore, impossible to fix the loop to the 
posterior peritoneum. The patient’s urinary output 
varied from 100 to 400 ml. per day. For the first 
few days we thought the oliguria was due to severe 
dehydration from the diarrhea which developed 
after antibiotics were used for bowel preparation. 
On the third day, a retrograde ileogram revealed 
bilateral ureteral reflex which seemed to prove the 
competency of the ureteroileal anastomoses. On 
the fifth day after operation, his abdomen became 
distended. Non-protein nitrogen had _ reached 
140 mg. per cent and the patient died on the eighth 
postoperative day. 

Autopsy showed that the right ureter (to the 
functioning kidney) had separated from the ileum. 
Peritonitis and an abscess in the right side of the 
pelvis were found. This was the only death in the 
series directly attributed to the ureteroileostomy 
itself, 


Case ur. C. W., a sixty-nine year old man, had 
had hematuria for two months. Cystoscopy re- 
vealed a large papillary neoplasm over the region 
of the left ureteral orifice. The biopsy showed 
transitional cell carcinoma, grade 2, with invasion 
to the muscle. Intravenous urograms demonstrated 
a large filling defect on the left side of the bladder. 
There was no function in this kidney. 

On December 5, 1957 the abdomen was ex- 
plored. Cystectomy seemed feasible so the ileo- 
cutaneous ureterostomy was formed. Cystectomy 
was deferred as a second stage. 

For six days the patient’s course was unusually 
smooth. Urinary output was excellent. He then 
began to pass tarry stools; the bleeding was thought 
to be coming from the anastomosis. On the next 
day severe diarrhea began, associated with ab- 
dominal distention. Rigorous replacement of water 
and ions was begun. Despite this he died on the 
ninth postoperative day. 
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Fic. 9. Intravenous urogram three weeks after opera- 
tion. Moderate left ureterohydronephrosis; perirenal 
area grey from retroperitoneal abscess secondary to 
leak at site of left ureteroileal anastomosis. Spontaneous 
drainage of abscess into ileal loop. 


At autopsy the patient was found to have had 
multiple gastric ulcers which had been bleeding and 
a necrotizing jejunitis with perforation into the 
lesser sac. He had received no antibiotics before 
or after his operation. The ureteroileostomies were 
patent and unremarkable. 


COMMENTS 


In addition to the lethal complications pre- 
viously described, fourteen additional compli- 
cations were observed in the other twenty- 
seven patients. (Table 11.) 


TABLE II 
COMPLICATIONS IN TWENTY-SEVEN PATIENTS WHO 
SURVIVED BRICKER OPERATION 


No. of 
Complication 
Acute pyelonephritis, 1 wk. postoperatively. . I 
Leakage of one ureteral anastomosis with 
retroperitoneal abscess (Fig. 9)........ 2 
Pneumonia, first wk. postope ratively with 
Thrombophlebitis from cutdown of intra- 
Oliguria for four days postoperatively...... .| I 
Prolapse of stoma occurring 4 mo. postopera- | 
Small-bowel obstruction requiring laparot- | 
omy (1 mo. postoperatively, 6 mo. postop- | 
Peristomal 2 


Stenosis of stoma, 2 yr. postoperatively... . . | 
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Fic. 10. A, Intravenous urograms taken six months after Bricker operation. Normal upper tracts. Ileal conduit 
visualized. B, Intravenous urograms taken three months after Bricker procedure. Before operation, right kidney did 
not visualize. Drainage afforded by urinary diversion allowed right kidney to regain function. 


Clinical renal infection occurred in only 
one man and no electrolyte imbalance was 
discovered in the entire group. In only two pa- 
tients did leakage at the site of ureteroileos- 
tomy occur (Fig. 9); both had been given in- 
tensive x-ray radiation to their vesical cancers. 
This may have caused some impairment of the 
blood supply in the ureters. Previous radiation 
therapy may therefore constitute a contraindi- 
cation to the Bricker operation. 

In many patients, intravenous pyelograms 
taken fourteen days postoperatively showed 
mild hydronephrosis, but six weeks or more 
after operation most kidneys had returned to 
normal. In all, fifty-three ureters were anasto- 
mosed to ileum. The late postoperative uro- 
grams showed that forty-four (83 per cent) of 
them were either normal or had improved over 
their preoperative state. (Fig. 10.) These re- 
sults parallel those reported by Cordonnier [12]. 

These patients, including the children, rap- 
idly became adjusted to their external urinals. 
In some, the bag has remained tightly glued to 
the skin for as long as five days although a few 
patients find daily regluing necessary. 


The Bricker procedure is not a simple opera- 
tion to perform; most surgeons who have re- 
ported their experiences with it have observed 
complications in about 50 per cent of their 


TABLE Ill 
MORTALITY FROM BRICKER OPERATION 


No. of | Mortality 
Surgeons 


Patients % 
58 29 
Baker, Graf [4]........... weal 20 15 
Cordonnier [r7]............... 10 
Pyrah, Raper [28].............. 27 =O 26 
Smith, Galante............ 30 10 
Stamey, Scott [37]............. 14 | 7 
Wells [34] (collected cases from 
British surgeons)........ 25 


patients [3,4,7,12]. The most common are ileus, 
urinary leakage at the site of anastomosis, 
wound dehiscence, small bowel obstruction, 
stenosis of the ureteral stoma with hydro- 
nephrosis, and pyelonephritis. 

Table 111 lists some of the mortality rates 
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that have been reported. Admittedly some 
of the deaths may be attributed to the applica- 
tion of the diversionary operation to debilitated 
patients or those with advanced hydronephrosis 
or pyelonephritis. The addition of cystectomy 
or other extirpative surgical procedures further 


TABLE IV 
SURGICAL MORTALITY 
Non-malignant Malignant 
Disease Disease 
Author 
No. of Mor- No. of Mor- 
tality tality 
Patients Patients 
(%) (%) 
6 16 4! 25 
Cordonnier [12].......| 19 ? ? 
Pyrah, Raper [28]....| 21 : 19 6 50 
Rickham [29]........ 15 (children) 15 
Smith, Galante.......| 9 (7 children) 21 14 
Wells [34] (cases col- | 
lected from British | 
16.5 109 36 


magnifies the death rate. Bricker [8] has re- 
corded his experiences with 150 patients, 118 of 
whom had pelvic exenteration as well. He 
admits it is difficult to assess the mortality at- 
tributable to the ureteroileoplasty alone but 
believes it to be under 5 per cent. 

It is clear that the Bricker operation results 
in a lower mortality when used in patients with 
non-malignant disease.. This fact can be estab- 
lished from some of the current literature and 
our own experience. (Table tv.) 


CONCLUSIONS 


On both theoretical and practical grounds, 
ureteroileal cutaneous transplant is the most 
satisfactory method of urinary diversion avail- 
able at the present time. Its mortaiity com- 
pares favorably with methods that offer the 
patient less. Above all, renal function is main- 
tained; hyperchloremic acidosis is rare [12,13, 
25]. The patients feel well and are able to enjoy 
a reasonably normal existence. It may be, how- 
ever, that from the laboratory and from clinical 
experimentation, the truly ideal method of 


diversion of the urinary stream may yet be 
found. 
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DISCUSSION 


Wi.arp E. Goopwin (Los Angeles, Calif.): Drs. 
Smith and Galante are to be commended for their 
thoughtful and timely review and excellent com- 
parison of existing methods of urinary diversion. 
We share their unmistakable enthusiasm for the 
good results that may be expected from the Bricker 
operation (ureteroileo cutaneous anastomosis) in 
selected cases. However, urologists cannot even 
agree among themselves at this time as to which 
patient should have ureterosigmoidostomy (with 
or without diverting colostomy) and which should 
have cutaneous urinary diversion. 

There seems to be no question that Bricker’s 
operation is the most effective and useful to date of 
the operations for cutaneous urinary diversion. It 
is my personal opinion that other forms of perma- 
nent cutaneous urinary diversion should no longer 
be performed as elective procedures. They should 
be reserved for special emergencies and the occa- 
sional unusual case. 

The authors are to be congratulated on their ex- 
cellent results and low mortality figures. As they 


have pointed out, the reported mortalities in other 
series are often far higher. This is also true of non. 
fatal complications in general as has been so clearly 
shown in the excellent summary by Wells in the 
December 1956 issue of the British Journal of 
Urology. Our own experience in three hospitals 
(the University of California Hospital, Los Angeles, 
the Wadsworth Veterans Administration Hospital, 
and the Los Angeles County Harbor General Hos: 
pital), with approximately seventy cases to date, 
reveals far more complications and a much higher 
mortality than the 10 per cent figure reported by 
Smith and Galante. This reflects the fact that the 
operation is being performed by a number of differ- 
ent surgeons, each in his turn learning the technic, 
My guess would be that the mortality figures would 
be high for any group of surgeons doing the first 
few cases of this type. 

The authors have clearly shown that the opera- 
tion is much safer for non-malignant conditions 
and in children. It is in these situations that it has 
its greatest advantage. This is particularly true of 
some paraplegic patients and some children with 
far advanced obstructive uropathy who must have 
adequate cutaneous diversion and perfect drainage. 
It is gratifying indeed to see some of these unfor- 
tunate patients changed from odorous “urological 
cripples,” with catheters and fevers and pain, to 
smiling, happy people with excellent drainage and 
a safe, manageable collecting device which they are 
able to change and service themselves. 

There is no question that Bricker’s operation is a 
valuable and important contribution to the arma- 
mentarium of the urological surgeon. There are 
occasional cases in which the same result may best 
be achieved by use of an isolated segment of sig- 
moid colon. I should like to suggest that this 
always be borne in mind, particularly in patients 
undergoing pelvic exenteration operations. The 
feasibility of using the lower segment of the sigmoid 
colon for this purpose, in cases of pelvic exentera- 
tion with diverting colostomy above, should always 
be considered. Operating time is potentially reduced 
by this use of the already divided large bowel. 

Again, our thanks to the authors for a stimulat- 
ing report of experience with a useful procedure. 

Tuomas R. Montcomery (Portland, Oregon): I 
enjoyed Dr. Smith’s paper. My comments concern 
something that Dr. Goodwin just mentioned. 

I would like to state that this method of using a 
piece of sigmoid for a bladder substitute is an ex- 
cellent one about which I have learned only re- 
cently from Sir Stanford Cade who uses it regularly 
and prefers it to ileum as a bladder substitute. | 
was thinking of it in connection with Dr. Smith’s 
difficulty at getting his ileal conduit in sufficiently 
high position to avoid tension on the ureters. Sig- 
moid bladder might have been more easily used in 
that situation. 
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The other comment I wish to make is that I am 
extremely discouraged with cystectomy as a means 
of curing cancer of the bladder. However, the ileal 
substitute or the ileal conduit provides an improved 
means of diverting the urine, in my limited experi- 
ence, when cystectomy is performed. 

SIEGFRIED HERRMANN (Tacoma, Washington): I 
would like to state that I have had some experience 
with this Bricker procedure. I have found it a very 
easy operation because it is the easiest part of the 
operation that we do. We usually have a very 
difficult extensive dissection to perform In operating 
on people who need this procedure. Actually, the 
use of an ileal loop and the transplantation of the 
ureters into this loop is quite simple and works 
beautifully. I appreciated this paper very much 
because it outlines the whole subject so well. 

There is only one thing I wanted to add and that 
is the use of a different type of bag. I have always 
in the past had trouble with ileostomies. I hated to 
give a patient an ileostomy for fecal diversion be- 
cause of the difficulty of a proper appliance. When 
the Koenig-Rutzen bag came out, of course we had 
something; but that bag becomes a smelly bit of 
rubber in just a little while and it is opaque so 
you cannot see what is in it. Some years ago, while 
[ was in Boston at a meeting, I saw a plastic bag 
called the Carhart bag. 

That appliance is almost ideal as far as I am 
concerned, and I do not know why the urologist 
does not know about it. I talked to Dr. Bricker 
about it when I saw him several years ago and sent 
him the literature on it but I have not heard from 
him since. 

Anyway, this Carhart appliance is made to meas- 
ure; it has a plastic ring and fits any sort of opening 
that the patient happens to have. It is sealed on 
with gum adhesive tape. Because it is a transparent 
bag the patient can see what is in it, when it is full 
and when he needs to empty it. It is very clean 
and odorless. 

I have used the Carhart appliance many times. 
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Originally I used to get it from Boston. Then they 
told me they had a branch office in San Francisco 
and that is where I get it now. I would like to 
recommend to you the Carhart ileostomy appliance, 
not only for the collection of urine but particularly 
when you do an ileostomy for fecal diversion. 

Donacp R. Situ (closing): I asked Dr. Good- 
win to discuss this paper, because I knew that his 
department had had a greater experience with the 
Bricker operation than we had and I was interested 
to hear more of what he had done. 

I think that in conjunction with exenteration 
operations, the use of a segment of available sig- 
moid as the conduit is a very good idea because it 
certainly would save the time of forming the ileal 
loop, with the anastomosis and all of the suturing 
that has to be done. Had we not been rigid and 
thought of this possibility, we could have discarded 
the ileum and used the piece of sigmoid, which 
would have been the answer to the problem of the 
too-short ileal mesentery. I can see no difference 
from the functional standpoint between the two 
types of bowel. They can both be short and will 
afford free flow. 

I was interested in what Dr. Herrmann had to 
say about the Carhart bag. We have been a little 
disturbed about the Rutzen bag because it is heavy 
and sometimes it tends to unglue itself at the most 
inappropriate times. 

Dr. Jack Lapides at Ann Arbor has suggested the 
use of a simple ring to which is attached a condom 
with a hole in the end, into which is inserted a tube 
which in turn is attached to a leg urinal. It is quite 
light and efficient. So far, however, the company 
that manufactures them makes the ring so large 
that it does not fit the ileum snugly and that has 
led to dermatitis around the stoma. Until such 
time as this company comes out with rings of 
various diameters that will fit the patients we will 
not be able to use them. Since the Carhart people 
are in San Francisco and close to where | live, I will 
certainly look into it. 
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Recognition and Therapy of Female Stress 
Urinary Incontinence 


Howarp C. STearns, M.D., Portland, Oregon 


From the Department of Obstetrics and Gynecology, 
University of Oregon Medical School, Portland, Oregon. 
TRESS urinary incontinence in the female is of 
two general types, congenital and acquired. 
The first is moderately rare, the second com- 
mon. The basis of acquired stress incontinence 
is that of injury to the supportive tissues and 
sphincter mechanism of the urethra and bladder 
neck resulting in a process generally termed 
urethrocele. As a rule, cystocele accompanies 
urethrocele. Factors important in causing 
urethrocele are: (1) congenitally poor tissues, 
(2) trauma and (3) age. In explanation, clini- 
cians note that many individuals retain good 
vaginal support despite the trauma of many 
births and much physical labor. Such persons 
were born with good supportive tissue. Others 
less fortunate herniate the urethra and bladder 
with minimal trauma, some even without child- 
bearing. Heavy lifting, chronic cough and child- 
bearing are perhaps the most common factors 
of trauma. Old age is accompanied with loss of 
fibrinous connective tissue and muscle strength, 
hence is an era in women’s lives when such 
injuries are commonly seen. 

The foregoing paragraph perhaps oversimpli- 
fies the factors discussed. The female urethra 
throughout its entire length corresponds only 
to the prostatic portion of the male urethra, 
hence is relatively short. Stress incontinence of 
a temporary nature can be remembered by 
many older women no longer so affected, the 
causes of which are obscure. It is often tempo- 
rarily present following childbirth. 

One rarely sees data on the incidence of stress 
incontinence. Ullery [24] quotes Gainey to the 
effect that about 5.5 per cent of all adult 
women have some degree of control loss. In 
the author’s experience it is greatest in the 
multiparous group, of which the older women 
numerically exhibit the poorest control. 
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There is a fairly large group of women who 
are incontinent by dint of poor muscle develop- 
ment. They have no control over and cannot 
contract the extrinsic striated musculature 
which aids constriction of the urethra and 
bladder neck. But most of these women, as 
demonstrated by Kegel and others, can be 
taught to do so with improvement in control. 

In order to recognize and wisely treat female 
stress incontinence the fundamentals of both 
the anatomy and physiology of the bladder- 
urethra complex must be understood. In the 
later stages of embryological development, 
from 50 mm. to fetal maturity, the vagina and 
urethra become distinct structures. The para- 
urethral glands develop directly from the 
urethra as an outgrowth. Similarly from the 
urethra and its anlages tiny buds extrude into 
the surrounding mesenchyme and gradually 
differentiate into fibrinous connective tissue 
and smooth muscle fibers. These fibers surround 
the urethra as a ligamentary support and, be- 
cause they insert into the inferior aspect of the 
symphysis, anchor the urethra to this bony 
area. Krantz [17] calls these fibers ‘‘pubo- 
prostatic ligament,” Ullery [24] “ pubo-urethral 
ligaments.” Whatever the name, they are im- 
portant in maintaining the ‘“urethrovesicle 
angle” so important in bladder control and of 
which more will be said later. 

The experienced operator becomes aware of 
certain important anatomic facts confirmed by 
painstaking study of normal structures by such 
men as Goff [7,8], Halben, Ball [2-4], Krantz 
[17] and others. Chief points to remember are: 
(1) There is no line of cleavage or demonstrable 
fascia between the urethra and the vagina. (2) 
There is no line of cleavage between the anal 
canal and the vagina. (3) There is a distinct 
line of cleavage between the bladder wall and 
vaginal wall. (4) There is also a distinct line of 
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cleavage between the rectum and vaginal wall. 
(5) There is no histological evidence by present 
standards of any “true” fascia in the walls of 
the bladder, rectum, urethra or vagina. (6) 
There is, however, a thin “‘areolar type”’ fascia 
lying between the wall of the bladder and the 
anterior wall of the vagina and also between the 
posterior wall of the vagina and the rectal wall. 
(7) These tissues unite laterally to form a peri- 
vaginal fascial sheath which therefore surrounds 
the vagina. These areolar type fascial sheaths 
are a part of the so-called “fascia endopelvina”’; 
and while they differ from true muscle type” 
fascia in looseness of configuration, they are 
nonetheless supportive in function. The “fascia 
endopelvina”’ surrounds and supports the pelvic 
viscera. Curtis, Anson and Ashley [6] in their dis- 
sections of the female pelvis showed clearly 
that the bladder, urethra, vagina and rectum 
are encased individually by this fascia and that 
each organ thus covered contributes muscle 
fibers to the fascial envelopes, which in their 
writings are sometimes termed musculofascial 
sheaths. 

Bladder continence normally depends on two 
types of muscular structures, namely voluntary 
or extrinsic and involuntary, or intrinsic. The 
voluntary or striated muscles which insert into 
the paraurethral tissues are the bulbocaverno- 
sus, the ischiocavernosus, the deep transversus 
perinei and the pubococcygeus. These, if volun- 
tarily exercised, may gain sufficient strength to 
overcome moderate or even severe stress 
incontinence. The involuntary smooth muscu- 
lature is made up of an inner longitudinal coat, 
an outer circular coat and a spongiosa. The 
bladder, contrarily, has an inner circular and 
an outer longitudinal coat. Certain anatomists 
describe these two smooth muscle ccats as being 
continuous and as passing through each other 
at the vesicourethral junction, thus enhancing 
the sphincteric effect in that area. The female 
urethra has a length of 3 to 5 cm. The internal 
urethral orifice in the nullipara is situated about 
2 cm. posterior and about .5 cm. above the 
inferior aspect of the symphysis pubis. In the 
parous woman it nearly always drops lower and 
rolls somewhat anteriorly—this undoubtedly 
from injury. The urethra actually perforates the 
pelvic diaphragm, in that fibers of the pubo- 
coccygeus insert bilaterally into the vaginal 
cuff surrounding the urethra. It then perforates 
the two layers of the urogenital diaphragm 
(membranous urethra) where it is subject to 
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some compressor action from the deep trans- 
versus perineal muscles lying in this deep 
compartment. This muscle is often termed the 
compressor urethrae. Anteriorly, fibers of the 
bulbocavernosi, ischiocavernosi and often cer- 
tain fibers of the superficial transverse perineal 
muscles become intimately attached to the 
urethra as they pass this structure to their 
insertion into the inferior aspect of the pubic 
arch. 

It should be said at this juncture that rela- 
tively very few persons have intensively studied 
the anatomy of the female urethra and bladder. 
The study of one specimen only becomes a pro- 
longed and arduous task actually consuming 
years. Individual interpretations vary, as does 
also normal anatomy. For any one person to 
become definitely authoritative would require 
more years than the average mortal can afford 
in such a study. These factors partially explain 
the many variations in anatomic description 
encountered when reading from one author to 
another. Urethrocystography using opaque 
media has become a means of acquiring much 
knowledge of the anatomy, topography and 
function of the bladder and urethra. These 
studies have given us a picture of the empty 
bladder, full bladder and the bladder in both 
the acts of filling and emptying. The abnormali- 
ties of cystocele and urethrocele become better 
understood through such x-ray studies. The 
normal bladder, when viewed laterally, reveals 
the base to lie parallel to and just above a line 
drawn from the inferior border of the pubis to 
the level of the fifth sacral vertebra. The 
urethra is straight and unites with the bladder 
in a slightly less than right angle like a slanted 
“T”’ (Jeffcoate) to form vesicourethral poste- 
rior and anterior angles which, if properly main- 
tained even in prolapsus uteri with cystoure- 
throcele, usually insures fair control. If the 
posterior urethral angle is obliterated, or 
greatly reduced, incontinence occurs. If the 
bladder and urethra are normally supported, 
the angle is usually normal and strong bearing 
down does not disturb this anatomic relation- 
ship. In the presence of urethrocele sudden 
stress results in loss of control. Urethrocystog- 
raphy reveals facts generally recognized by the 
mature pelvic surgeon, namely that in cysto- 
urethrocele with incontinence the urethra drops 
away from its pubic attachments and rolls 
anteriorly. The proximal urethra and bladder 
neck are often dilated or funnelled. The normal 


posterior vesicourethral angle is reduced or 
absent. 

In normal micturition, after the filled bladder 
transmits its desire to be emptied to the brain, 
the central nervous system through its autonom- 
ic channels and at the politic moment relaxes 


YS 


A 


Fic. 1. Mechanical factors in stress incontinence. A, 
tracing from cystourethrogram of incontient patient 
with urethrocele. B, incontinence due to fixation inci- 
dental to anterior-posterior adhesion below bladder 
neck, 


the pelvic floor allowing the bladder base, 
upper vagina and the proximal urethra to 
descend into the pelvis. The bladder becomes 
more ovoid. The posterior urethrovesical angle 
disappears. The upper urethra thus comes into 
line with the bladder trigone, at which time 
the internal urethral meatus funnels, the 
urethra shortens and dilates and the detrusor 
muscles of the bladder contract to empty the 
structure. 

Good bladder control therefore depends on 
the presence of adequate voluntary and invol- 
untary muscles in and adjacent to the urethra. 
The urethrovesical junction should lie posterior 
to the pubis and about .5 cm. above its inferior 
aspect. The pubourethral ligaments should 
therefore be relatively uninjured. The urethra 
and bladder neck must not be funnelled and a 
normal posterior vesicourethral angle should 
exist. Incontinence of a stress variety occurs 
through an inability to maintain closure of the 
internal urethral orifice. Such inability is usu- 
ally due to injuries to the vesicourethral sup- 
ports resulting in both abnormal anatomic 
relationships and abnormal bladder-urethral 
physiology. 

The essence of this message lies in the recog- 
nition of such injuries and in the principles 
of repair. 

A reduction in diameter of the urethral hernia 
with correction of funnelling of the neck and 
proximal urethral portion, together with res- 
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toration of the urethra to its normal proximity 
inferior and posterior to the symphysis is the 
operator’s desired goal. Cystocele, in addition, 
must be corrected, the combined procedures 
designed to restore the normal posterior vesico- 
urethral angle so important in control. 


DIAGNOSIS 


When a patient presents herself with the 
complaint of poor bladder control, it becomes 
mandatory to determine if it is on a true stress 
basis or if some other factor is involved. Neuro- 
logical disease such as multiple sclerosis is a 
common cause. Pelvic tumors as well as preg- 
nancy can be a factor, obvious on examination. 
Urge incontinence is common. It may be in- 
cidental to trigonitis, emotional factors, etc., 
and manifests itself in a rather sudden, irre- 
pressible desire to void, loss of urine being 
incidental to inability to reach the bathroom. 

The great majority of stress cases are obvious 
to the experienced examiner. Urethrocele and 
cystocele are both usually seen on having the 
patient bear down while in lithotomy position. 
For pelvic examination a full bladder is not 
desirable, but it does make cystocele and 
urethrocele more obvious. Often patients do 
not strain enough to “‘present” the cystocele 
and urethrocele. Introduction of a speculum 
into the vagina, having the patient bear down 
as one withdraws the partially opened specu- 
lum, is often helpful, for the weak wall will fall 
down and out readily. Even this may not reveal 
relaxation of the anterior wall. In this case have 


‘the patient stand with legs spread apart and 
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strain down. Often this writer has found marked 
cystourethrocele only in this way, but as a rule 
it is obvious by using the usual examination 
technic. 

Cystometric studies are often useful although 
we do not employ such studies in the average 
case except for teaching purposes. The funda- 
mentals are based on a comparison of the 
normal and relaxed bladders’ ability to hold urine 
under certain pressures. As the bladder fills 
by reason of ureteral drainage from the kid- 
neys, the muscle wall relaxes until about 250 to 
300 cc. of urine collect. Then a desire to void 
occurs. If the bladder is not then emptied, no 
increase in intravesicle pressure occurs until 
the bladder can hold no more. At this point 
pressure rises slowly at first, then rapidly (up 
to 30 to 40 cc. water pressure) until the vesicle 
is empty. Additional intravesicle pressure up 
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, vaginal surgical correction of anes blad- 


der neck. B, retropubic correction of displaced bladder neck. C, vaginal exer- 
cises for correction of displaced bladder neck. 


to 75 to 100 cc. of water can be gained by bear- 
ing down with the abdominal muscles. With 
the full normal bladder a severe cough or strain 
will not provoke loss of urine; hence it is ob- 
vious that the sphincter mechanism at the 
bladder neck must be released if the bladder is 
to empty. Women with stress incontinence, 
however, will usually lose urine with coughing 
or other sudden stress; the fuller the bladder 
the more ready the loss. Women with marked 
incontinence lose urine with less stress than 
those with moderate control loss. Further, as 
Jeffcoate points out, an incontinent patient may 
resist a slow rise in intravesicle pressure but 
may be incontinent with a sharp rise. Patients 
with cystocele retain urine as a rule, hence 
catheterization after voiding often yields addi- 
tional urine. 

Hodgkinson has determined from cysto- 
urethrographic studies that the continent 
multipara with relaxation of the bladder floor 
reveals a downward and backward rotation of 
the bladder floor with a relative elevation of the 
internal urethral meatus. In the multiparae 
with cystocele and incontinence he finds a 
downward vertical thrust of the bladder and 
urethra without posterior rotation. Thus the 
internal meatus remains in the area of maxi- 
mum hydrostatic pressure and is unable to 
resist such pressure. (Figure 1.) Actually, this 
explanation corresponds to the reduced poste- 
rior urethrovesical angle theory of Jeffcoate 
and Roberts [z0,11]. Hodgkinson’s findings 
seem to confirm the general belief that inferior 
displacement of the bladder neck is a major 
factor in the production of stress incontinence. 


PRINCIPLES OF THERAPY 


Two basic attitudes of therapy are now cur- 
rent. These are: (1) perineal muscle exercises 
and (2) surgical repair. (Fig. 2.) Both attitudes 
are based on the goal of restoring to normal 
position the bladder neck, one by strengthening 


chiefly the fibers of the pubococcygeus muscles 
which pass the bladder neck bilaterally, the 
other by surgical restoration of normal sup- 
ports. Other minor factors are probably in- 
volved, but chiefly the matter of normal 
bladder neck position is the important item. 

In testing for stress incontinence a common 
practice is to have the patient stand, bladder 
full, and cough. Urine usually escapes. Two 
fingers are used to replace the bladder neck 
behind the symphysis. Now when the patient 
coughs, there is no escape. A simple Hodge 
pessary may accomplish the same effect. Kelly 
[14], early in this century, devised his plastic 
procedure at the bladder neck designed to 
elevate and constrict this structure. Most ure- 
throplasties are modifications of this technic 
and are quite generally satisfactory. The 
Marshall-Marchetti operation suspends the 
bladder and urethra retropubically by the 
abdominal route. The Aldridge and Millin- 
Read slings suspend the bladder neck by use 
of muscle or fascial strips. Recently Hodgkinson 
and Doub [9] reported a series in which the 
round ligaments were utilized for the same 
purpose. 

In recent years Kegel [12,13] has reawakened 
an interest in active muscle exercises to accom- 
plish the same objective. The patient is taught 
to contract her extrinsic musculature as fre- 
quently during the day as possible. Actually, 
such exercises are the same as the “winking” 
exercises so long used by obstetricians in the 
postpartum period to restore tonicity to 
perineal muscles. It is an admirable approach 
to the problem of stress incontinence and is 
bound to gain favor with the years. 

Actually, therefore, perineal exercises, ure- 
throplasty by the vaginal route, the Marshall- 
Marchetti retropubic suspension and the intra- 
abdominal sling operation have one major 
point of similarity, namely to elevate the blad- 
der neck away from the point of maximum 
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hydrostatic pressure. The urethroplasty addi- 
tionally repairs the injured urethral supports 
and at the same time cystocele can be repaired. 

What procedure, then, is the surgeon to use? 
Let us first remember that stress incontinence 
is often only one of many complaints the pa- 
tient may have. There may be frequent attacks 
of acute cystitis and pyelitis incidental to a 
large cystocele with retained urine. Or a pro- 
lapsus may exist requiring vaginal hysterec- 
tomy or a Manchester operation. In such cases 
vaginal urethroplasty with correction of cysto- 
cele and descensus is the author’s preferred 
approach. If the incontinent patient with 
urethrocele and moderate cystocele requires 
abdominal surgery, it is quite easy to slip down 
over the bladder neck and perform a Marshall- 
Marchetti operation, usually with good results 
and without further recourse to vaginal plastic 
procedures. However, one must remember that 
the Marshall-Marchetti operation does not 
improve the sphincter damage nor correct 
cystocele. It corrects incontinence by re-estab- 
lishing the essentially normal position of the 
bladder neck. The patient may be continent 
but still have postmicturition urinary retention 
from a still existent cystocele. The same prin- 
ciples apply to any sling procedure, none of 
which has gained much popularity. 

Vaginal and perineal exercises are very valu- 
able in patients suffering primarily from stress 
incontinence incidental to urethrocele and also 
in regard to patients In whom surgery may not 
be desirable or convenient. Henriksen and 
Kegel have reported astonishingly good results 
with such exercises. This writer is utilizing the 
exercise approach increasingly from year to 
year. 

One’s first approach, therefore, when stress 
incontinence is the prime problem may justi- 
fiably be a prolonged, well coached program of 
muscle exercises. Henriksen reports a series of 
402 incontinent patients with satisfactory re- 
sults in 201, good results in 157, poor results in 
thirty-five cases and nine in which surgery was 
required, or an 88 per cent generally satisfac- 
tory result with exercises. This writer’s results 
are estimated at about 50 per cent good results. 

In those incontinent patients with cysto- 
urethrocele sufficient to justify surgical correc- 
tion, the vaginal approach is preferred and the 
results are generally good. In one series of 
eighty-six patients operated upon during 1953, 
1954 and 1955, 84 per cent of whom were fol- 
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lowed up from two to four years, 4.6 per cent 
were considered to have poor results. The 
remainder had good control. In another series 
of 195 patients operated upon during 1950, 
1951 and 1952, 3.76 per cent were recorded as 
failures, although only 71 per cent of this group 
were followed up to the year 1957. All patients 
were followed up at least eight months. The 
remainder had good results. We are aware that 
the longer and more complete the follow-up, 
the less cures will be recorded. However, all 
patients so operated upon are asked to let us 
know if incontinence returns and most, we 
believe, do so. 

Marshall and Marchetti report a series of 
forty-four cases treated by retropubic suspen- 
sion in which excellent results were obtained in 
82 per cent, Improvement in 3 per cent and no 
improvement in 11 per cent. Many in this series 
were patients on whom a urethroplasty had 
previously failed. Following failure of a well 
performed urethroplasty, muscle exercises may 
be useful. If not, a Marshall-Marchetti proce- 
dure is the next logical step. Many cases will 
be corrected. As a last resort the Aldridge or 
Millin-Read sling may be justifiably resorted to 
by the surgeon experienced in such technics. 
Read has been reliably quoted to have given 
up the sling operation. Aldridge employs it 
with fair success in patients upon whom other 
surgical procedures have failed and usually in 
conjunction with repair of the anterior vaginal 
wall. Read [21], in reporting his series of 126 
sling operations, achieved an absolute cure in 
72 per cent, a partial cure in 16.7 per cent and 
the remainder were failures. 


CONCLUSION 


The pathology of stress incontinence as we 
now interpret it is discussed. Restoration of 
normal position to the bladder neck appears 
to be mandatory for good control and is of more 
importance than repair of the sphincter mecha- 
nism. Simple perineal muscle exercises properly 
carried out will correct a great number of In- 
continent subjects, but does little to correct 
cystocele. The procedure of choice and one 
that yields the best all-round results is the 
vaginal operation. When plastic repair is not 
mandatory, the Marshall-Marchetti operation 
performed as an adjunct to an abdominal opera- 
tion is of value. It is also of value in repair of 
failures incidental to urethroplasty. It is not 4 


© 


im 


procedure of first choice. Such sling operations 
as the Aldridge and the Millin-Read have an 
occasional value in dealing with repeated fail- 
ures of other more simple technics. 
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DISCUSSION 


Tuomas R. Montcomery (Portland, Ore.): Dr. 
Stearns has given a most thorough presentation of 
this subject. I can assure you that he is a master of 
what he discusses and he has had a wide experience. 

The comments that a urologist may make in this 
situation are necessarily limited, because it is the 
general custom among urologists not to invade the 
field of gynecologic surgery extending even to cor- 
rection of stress incontinence, although this is 
certainly of urological concern. Failure to invade 
this field probably is due to the fact that many of 
these women also require perineorrhaphy. Gener- 
ally I believe urologists who undertake to correct 
stress incontinence limit themselves to the Mar- 
shall-Marchetti-Krantz procedure because it is a 
familiar urological approach that has been popu- 
larized in recent years by the often performed 
retropubic prostatectomy. 

Since my comments are necessarily of a urologic 
nature, I will briefly describe the role of the urolo- 
gist in the investigation of a woman with stress 
incontinence. 

Endoscopy or cystourethroscopy excludes such 
very common inflammatory lesions as urethro- 
trigonitis and chronic cystitis. Neurological and 
obstructive lesions must be ruled out. One then, 
with a panendoscope, for example, or other type of 
visual instrument that permits observation of the 
urethra and bladder neck, attempts to evaluate the 
function of the bladder neck. It is quite possible, 
and as a matter of fact interesting, to observe the 
bladder neck and urethra under command to void, 
strain to urinate, contract and so on. The investiga- 
tion is best done without anesthetic in considera- 
tion of neurologic evaluation. I just mentioned 
obstructive lesions and I believe more should be 
said here of obstruction of the bladder neck. It is 
often quite difficult to discern endoscopically. 
Determination of residual urine is indispensable 
and must be done more than once if any is present 
at the first examination. I am not convinced that 
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cystocele alone is responsible for chronic urinary 
retention. | have not been able to demonstrate 
residual urine in uncomplicated cystocele but I 
know this will precipitate an argument. At any 
rate, the urologist may contribute much important 
information preoperatively by his evaluation of the 
patient’s symptoms and findings. Very occasionally 
he may save the gynecologist embarrassment. 
Usually he supports the gynecologist’s advice and 
recommendation for surgery. 

In addition to the endoscopic study, the urologist 
and the gynecologist in recent years have adopted 
cystography which has contributed much to the 
interpretation of stress incontinence. | believe it has 
established the background for what Dr. Stearns 
had to say about the normal position of the bladder 
and of the bladder neck. The preservation or re- 
establishment of this posterior urethrotrigonal 
angle is apparently of paramount importance in 
the problem of stress incontinence. 

On this slide* may be seen a beaded chain that 
may be introduced into the bladder to delineate 
the urethrotrigonal angle more clearly. Also shown 
is a device adapted from a metal catheter by Dr. 
Chavigny, a gynecologist, to facilitate introduction 
of the chain. By inverting the cut-out catheter, the 
chain drops free into the bladder and the introducer 
is removed, 

The next slide demonstrates the bladder neck 
and the posterior angle mentioned. I am told that 
this woman, although she appears to have a very 
shallow posterior angle, was not troubled with 
stress incontinence. The angle normally is ob- 
literated in the act of micturition. 

This slide shows funnelling, to which the gyne- 
cologists who employ the cystographic method 
attach considerable importance. One can readily 
see the funnelling at what should be the bladder 


neck, an appearance that is said to be a regular’ 


accompaniment of stress incontinence. However, 
some gynecologists talk of urethrocele as though it 
were not only a displacement of the urethra, which 
is my conception, but also a ballooning of the 
urethra, which is not my conception. I have never 
seen this demonstrated on endoscopic inspection 
and I seriously doubt that it exists except when the 
patient actually voids; then it is a normal occur- 
rence and appearance. 

This anteroposterior cystogram adds little infor- 
mation to the study so far as I am concerned. The 
beaded chain is shown in place and this larger 
metal object is attached to the chain at a point 
which marks the external urethral meatus. 

In this cystogram the patient is said to be 


* Dr. Montgomery showed slides, borrowed from 
Dr. Charles Chavigny, to demonstrate the application 
of cystography and to visualize for his audience the 
angle described. 
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straining to void. It shows descent of the bladder 
and widening of the bladder neck. Considerable 
care and supervision in preparation of the lateral 
cystogram is necessary to be sure the patient 
understands and follows instructions. An attempt 
is made to have films with the patient at rest, then 
bearing down without voiding if it is possible and 
finally deliberately voiding. Absence of or shallow 
angle in all circumstances characterizes stress 
incontinence. 

This slide demonstrates shallow angle. The chain 
identifies the position of the urethra and bladder 
neck, 

This final slide represents postoperative restora- 
tion of the angle in the same patient. Apparently 
the important aspect of correction is high replace. 
ment of the urethra and bladder neck. Thus there 
is a fixed point or fulcrum for a pulley effect which 
seems to me to be the way the bladder neck and 
trigone operate. In other words the angle js 
restored, 

Erte HENRIKSEN (Los Angeles, Calif.): Dr, 
Stearns deserves great praise for presenting a sub- 
ject that is neither spectacular, life-saving or 
speculative. However, it is scientific, in that it deals 
with fluid imbalance, a subject now in vogue. 

It is timely for many surgeons who, by the way, 
perform about 95 per cent of the pelvic surgery and 
should have some appreciation of the problems 
besides fibroids, either phantom or real, the 
vagaries of the ovary, usually physiologic, and 
bleeding. 

Since the time of Schultze in 1878 the urethra 
has been kinked, twisted, compressed and dilated. 
The bladder has been suspended by slings of fascia, 
muscle and metal. In reviewing various articles one 
is impressed by the glaring fact that very rarely do 
authors mention the basic fundamentals under- 
lying the act of micturition. Ingenuity, yes—in- 
genuity beyond even the fantasy of Disney—but 
basic fundamentals, no. 

The incidence of this embarrassing and often 
distressing affliction is difficult to estimate. How- 
ever, direct questioning reveals a relatively high 
frequency, especially after the fortieth year. Unlike 
the willingness of many women to discuss such 
problems as tumors and bleeding, very few volun- 
tarily mention their inability to hold their water. 
To me it is both surprising and unexplainable, the 
number of women who accept this disturbance, 
often to the degree of semi-invalidism as a price of 
sex, parity and age. Because of this ever attendant 
fear of embarrassment she dares not to laugh or 
cough except in the sanctuary of her home, and 
then very carefully protected. 

Ten years ago, after careful study of a conserva- 
tive method advocated by Dr. Arnold Kegel of 
Los Angeles, we started a clinic at the Los Angeles 
County Hospital which was limited to the study 


and treatment of urinary incontinence. The results 
have been extremely gratifying as well as educa- 
tional. The application of physiologic principles to 
this problem is not new, for at the turn of the 
century it was a very common practice to suggest 
the so-called “winking” exercise following normal 
delivery. 

It cannot be too strongly emphasized that there 
are numerous causes of incontinence, and before 
any type of therapy is planned the most complete 
evaluation is mandatory. 

There is no physiological basis for the so-called 
emotional type, which usually occurs in patients 
in their early 20’s, and we speak of this as the fog 
incontinence because there is just a little moisture 
when the individual gets: excited. We think this 
condition rests on an emotional basis. 

In our experience the most common type is the 
urgency type. The patient states that if she gets the 
desire to void and cannot make the necessary 
aperture in which to deposit the urine she wets 
herself. The urgency type usually responds very 
nicely to local therapy such as dilatation and appli- 
cation of one of the numerous local medications. 

The stress type, however, is a different problem. 
Three points are necessary in the treatment of this 
condition. First, an absence of weakness of vaginal 
muscle awareness must be demonstrated. Second, 
instructions to the patient must be explicit. She 
must be told to make certain that she is following 
the instructions. Third, the patient must con- 
scientiously perform the exercise. 

Most of our failures have been with the indi- 
vidual who has a slight or very moderate degree of 
urinary loss. Our best results over-all have been 
with the patients who have a severe loss; they are 
more anxious to clear up this moist area than the 
individual who just spots occasionally. 

In some of these individuals we have had good 
results following one to four previous surgical oper- 
ations. This exercise does not demand a special 
place, nor does it always demand the special Kegel 
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apparatus. It can be done while washing the 
dishes, looking at television, etc. 

So without any hesitancy I do admit there is a 
place in the treatment of this condition for surgery, 
especially in the presence of distortion due to 
cystocele or prolapse. However, I believe that these 
patients with stress incontinence should be given 
every opportunity, and by this I mean honest op- 
portunity, to first try to cure themselves. 

Henry N. Harkins (Seattle, Wash.): Regarding 
the anatomic studies which Dr. Stearns presented 
and Dr. Montgomery mentioned, | think there is 
an analogy to the sphincter at the lower end of the 
esophagus. I would like to recommend that the 
gynecologist and urologist study the literature of 
this esophageal anatomy, such as the monograph 
by Nauta of Holland, for example. I would also 
say that those of us who are interested in the sub- 
ject of the esophageal cardia would profit in turn 
by reading the paper of Dr. Stearns and the work 
of Dr. Montgomery. 

Howarp C, Stearns (closing): I want to thank 
the discussers of my paper and to apologize for the 
somewhat hodgepodge manner of presentation. 

The message I hoped to get across in regard to 
the management of female urinary stress incon- 
tinence is that this distressing symptom can be 
treated with perineal muscle exercises or with 
various surgical procedures. Where surgery is not 
desired or inadvisable, perineal muscle exercises 
can be very rewarding if the one so afflicted is pa- 
tient and practices the exercises frequently and 
over a long period of time. The more practice, the 
better the control. 

I wish to stress again that from the standpoint of 
restoring normal anatomy the vaginal approach is 
by all means the best. Certainly, the Marshall- 
Marchetti operation is here to stay and is of marked 
value. In my opinion the sling procedures have not 
become popular and have yet to prove their value 
over a suitable number of years necessary for 
follow-up. 
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The Surgical Treatment of Carcinoma 


of the Thyroid 


SPENCER T. CHESTER, M.D., Wood!/and, California 


From the Woodland Clinic, Woodland, California. 
URGERY is the universally accepted treat- 
S ment for cancer of the thyroid. However, 
there is no general agreement as to what con- 
stitutes adequate surgical therapy for this dis- 
ease, and there are almost as many plans of 


TABLE I 
PATHOLOGICAL CLASSIFICATION OF CARCINOMA 
OF THYROID 


Classification Per cent 

26 


treatment advocated as there are writers on 
the subject. Because of this considerable diver- 
gence of opinion, the pertinent American litera- 
ture on the surgical treatment of carcinoma of 
the thyroid, published during the past ten 
years, has been reviewed in an attempt to 
clarify the problem. 


PATHOLOGY 


The pathological classification of cancer of 
the thyroid is not a uniform one, but it has 
tended to become more simplified in the past 
few years. The classification most commonly 
used and the average per cent of each type is 
shown in Table 1. 


GENERAL CONSIDERATIONS 


It seems well established that there is a 
marked difference in the clinical behavior of 
the two major histologic types, and that there 
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may be considerable variation in the clinical 
course of patients with tumors falling within 
the same broad histologic grouping. These two 
factors appear to be the main reasons for the 
lack of a standardized form of therapy for 
patients with carcinoma of the thyroid. 

Reports from the Mayo Clinic group [2,39] 
indicate that unilateral total lobectomy is the 
treatment of choice in carcinoma limited to one 
side as it precludes recurrence within the rem- 
nant left by subtotal lobectomy. In cancer in- 
volving both lobes, total lobectomy on the more 
involved side with subtotal lobectomy on the 
less involved side 1s advocated. Total thyroidec- 
tomy is rarely indicated in their experience. 
The same authors also state that malignant 
adenomas and diffuse carcinomas are almost 
invariably inoperable by the time sufficient 
spread has occurred to involve the cervical 
lymph nodes. 

Crile and Hagard [14] believe that thyroid 
tumors of high malignancy rarely occur in per- 
sons under the age of forty and that tumors in 
those over the age of forty tend to be highly 
malignant unless they are typical papillary 
carcinomas or malignant adenomas. Thus, thy- 
roid tumors developing in persons under forty 
are low grade and therefore respond well to 
conservative surgical therapy. 

There are some surgeons [2,17,25,39] who 
believe that radical neck dissections are rarely 
indicated in patients with thyroid cancer. They 
remove the groups of metastatic cervical nodes 
as they appear. 

Shallow et al. [42] believe that cancer of the 
thyroid is a ruthless killer and that undue em- 
phasis has been placed on the histologic type 
as a guide to surgical therapy. They advocate 
total thyroidectomy for all types of thyroid 
cancer. This is recommended because the thy- 
roid gland is morphologically a single organ 
with a rich anastomosis of blood vessels and 
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lymphatics between the lobes, and because 
multiple foci of tumor may occur in both lobes. 
Radical neck dissection is advised, in addition, 
if there is positive evidence of lymph node 
metastases or gross evidence of invasion of the 
thyroid veins. 

Majarakis and co-workers [35] advise total 
thyroidectomy and radical neck dissection on 
all patients with thyroid carcinomas who have 
palpable cervical lymph nodes. They recom- 
mend total thyroidectomy and radical neck 
dissection for all papillary carcinomas. For 
patients with the other histologic types of 
thyroid cancer and without palpable lymph 
nodes, they state that there is no conclusive 
statistical evidence available upon which to 
base an opinion regarding the indications for 
radical neck dissection. 

McDermott et al. [37] state that there is a 
relatively low incidence of lymph node metas- 
tases in patients with follicular carcinoma of the 
thyroid and, therefore, radical neck dissection 
should be performed only if there are demon- 
strable metastases present. Total thyroidec- 
tomy and radical neck dissection should be 
carried out on all patients after the age of fifty 
who have papillary carcinoma. Young patients 
with papillary carcinoma should undergo radi- 
cal neck dissection only if the cervical lymph 
nodes are clinically involved. 

Martin [34] advocates hemithyroidectomy 
(total lobectomy) and radical neck dissection 
for all operable carcinomas of the thyroid. 

Other authors advocate various modifications 
of thyroidectomy and radical neck dissection. 

Although numerous different plans have been 
proposed for the treatment of carcinoma of the 
thyroid, these differences can be resolved into 
two main questions: (1) Is total lobectomy or 
total thyroidectomy the procedure of choice for 
the primary tumor? (2) Should radical neck 
dissection be performed routinely on all opera- 
ble cases of carcinoma of the thyroid or only if 
there are clinically involved cervical lymph 
nodes? 

In an attempt to answer these two basic 
questions, the treatment of the three most 
common histologic types of cancer of the thy- 
roid will be discussed separately. 


FOLLICULAR CARCINOMA (MALIGNANT ADENOMA, 
ALVEOLAR CARCINOMA) 


Follicular carcinoma is primarily a disease of 
middle and later life. Approximately 25 per 
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cent of the malignant thyroid tumors are of 
this type. They usually occupy one lobe of the 
thyroid and tend to be larger than the papillary 
carcinomas. These neoplasms are usually well 
encapsulated, though infiltration may _ ulti- 
mately occur. Almost without exception, they 


TABLE II 
INCIDENCE OF CERVICAL LYMPH NODE METASTASES IN 
PATIENTS UNDERGOING ROUTINE RADICAL NECK 
DISSECTIONS FOR FOLLICULAR CARCINOMA 
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Patients Metas- 
uses | tases 
Frazell and Foote [19]... 22 8 36.4 
Meissner et al. [36]. aoe 23 10 43-4 
McDonald and Kotin [32] 4 o | Oo 


are of relatively low grade malignancy. In some 
cases the histologic structure may be virtually 
indistinguishable from that of a benign ade- 
noma, and the diagnosis of carcinoma is not 
made until distant metastases occur months or 
years later. 

Pemberton and Black |39] state that as long 
as a follicular carcinoma remains within its 
capsule there is no possibility of lymphatic 
spread since these adenomas have no lymphat- 
ics. After the capsule has been invaded the 
malignant cells reach the lymphatics of the 
thyroid parenchyma and lymphoid metastases 
can then occur. The malignant cells readily 
invade the blood vessels within the adenoma so 
that blood-borne metastases may develop at 
any time. 

The incidence of cervical lymph node metas- 
tases reported by surgeons performing routine 
radical neck dissections in patients with fol- 
licular thyroid cancer is shown in Table u. 
The average of the three series was 36.7 per cent. 

Sloan [44] states that in cases with extensive 
local and lymph node spread there is no pre- 
dominant histological type before the age of 
forty; papillary and follicular carcinomas are 
seen with equal frequency. Meissner et al. [36] 
also found lymph node metastases to be almost 
as frequent in follicular as in papillary car- 
cinoma. In their cases there were cervical lymph 
node metastases in ten of twenty-three follicular 
carcinomas, and in twenty-six of thirty-nine 
papillary carcinomas. 


ee 


Chester 


Treatment. Surgical treatment of the primary 
lesion in follicular carcinoma of the thyroid: 
Lobectomy appears to be adequate therapy for 
the primary lesion in most cases whether the 
histologic pattern is that of malignant adenoma 
or of follicular carcinoma. Most authors advo- 
cate this form of therapy; a few favor total 
thyroidectomy. 

Treatment of the cervical lympb nodes in fol- 
licular carcinoma of the thyroid: Most authors 
advocate radical neck dissection in follicular 
carcinoma only if the lymph nodes are clini- 
cally involved. A few [3,34,35] advocate total 
lobectomy and routine radical neck dissection. 
Crile [17], Hunter and Crabtree [25] and 
Pemberton and Black [39] rarely perform radi- 
cal neck dissection but remove the groups of 
involved lymph nodes as they appear. 

Generally speaking, those surgeons who ad- 
vocate routine radical neck dissection do so 
because this procedure along with total lobec- 
tomy or total thyroidectomy conforms: with 
the accepted principles of cancer surgery. In 
addition, the frequency of positive lymph 
nodes in routine radical neck dissections sug- 
gests that the incidence of lymph node involve- 
ment in follicular carcinoma is higher than 
previously believed and may approach that of 
papillary carcinoma. These considerations, if 
borne out by further study, suggest that radical 
neck dissection may eventually be adopted as 
an integral part of the primary treatment of 
follicular carcinoma even though the incidence 
of distant metastases is higher than in papillary 
carcinoma, 

Frazell and Foote [19] found that treatment 
of this histologic type of carcinoma was not 
particularly effective as far as the long-term 
survival of patients was concerned. Only 28.6 
per cent of their surgically treated patients were 
living and well after five years. This disease is 
often locally curable but the distant metastases 
are usually the cause of death. 

Some surgeons, who advocate radical neck 
dissection in follicular carcinoma only if the 
lymph nodes are clinically involved, believe 
that the incidence of cervical lymph node 
metastases is relatively low and therefore rou- 
tine radical neck dissection is not warranted 
[31]. 

An additional word should be said with re- 
gard to the treatment of malignant adenomas. 
The presence of minimal blood vessel, capsular 
or lymphatic invasion on microscopic examina- 


tion is not sufficient grounds for radical neck 
dissection; lobectomy is adequate therapy in 
such cases unless the cervical lymph nodes are 
clinically involved [36]. 


PAPILLARY CARCINOMA 


This is the characteristic carcinoma of youth 
and childhood. These tumors are often dis- 
tinguished by their small size and frequently 
have an extremely slow clinical course. The 
biological behavior of this tumor usually fol- 
lows a closely prescribed pattern, with early 
metastases to the lymph nodes but with rare 
blood-borne metastases. Papillary thyroid tu- 
mors are usually unencapsulated, but they may 
remain confined to the thyroid gland for years 
and invade few or many cervical lymph nodes 
when they metastasize. Spread of the disease 
beyond the capsule of an involved lymph node 
is unusual and delayed when it occurs. 

Crile [11,13,15,17] has discussed the peculiari- 
ties of papillary carcinoma of the thyroid which, 
in his opinion, explain its unusual clinical be- 
havior and justify the conservative therapy 
advocated by him: (1) If papillary carcinoma 
is capable of metastasizing, it usually does so 
before the primary tumor is noticeable. (2) 
If the papillary carcinoma is large enough to 
be palpable and still has not given rise to recog- 
nizable cervical metastases, there is little chance 
that it will metastasize even if left untreated 
for long periods of time. (3) Even when the 
lymph node metastases steadily enlarge, they 
rarely become invasive or involve the great 
vessels or the sternomastoid muscle. (4) Pro- 
longed observation of lymph node metastases 
after removal of the primary tumor indicates 
that they remained localized or grow slowly 
and that no new metastatic lymph nodes de- 
velop. Apparently the metastases do not tend 
to metastasize. (5) Metastatic cervical lymph 
nodes usually can be removed as easily after 
many years of observation as when they are 
first recognized. (6) There is no operation which 
can remove in block continuity the entire lobe 
and all of the areas to which the papillary car- 
cinoma spreads. (7) Papillary carcinoma is like 
a pimple; if left alone or treated gently, it Is 
not apt to give much trouble. However, if 
treated roughly, if it is picked and squeezed, it 
can become a serious and even fatal disease. 

Crile believes that the emphasis should be 
on complete removal of the primary tumor 
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and that the cervical metastases can be easily 
excised as they appear. 

Black [2] has expressed the opinion that in 
the majority of cases of papillary carcinoma of 
the thyroid the lymph nodes are not involved. 
When metastases do occur, the involved lymph 
nodes are usually grossly evident. Furthermore, 
he believes that these metastases remain con- 
fined to the lymph nodes for prolonged periods 
of time and virtually never extend so far locally 
that the lymph nodes cannot be removed. He 
further states that bilateral cervical lymph 
node metastases do not occur unless the 
isthmus is involved. 

Black [2] found that 69 per cent of forty-four 
patients had positive tracheoesophageal lymph 
nodes; these lymph nodes were routinely re- 
moved at the primary operation. 

Table 111 shows the incidence of cervical 
lymph node metastases in patients undergoing 
routine radical neck dissections for papillary 
carcinoma. 

Treatment. Treatment of the primary papil- 
lary thyroid tumor: The opinions obtained by 
this review are almost equally divided between 
total lobectomy and total thyroidectomy as the 
preferred treatment for papillary carcinoma. 
Martin [34] advocates total lobectomy and 
radical neck dissection for the removal of the 
primary papillary tumor. If the tumor also in- 
volves the opposite lobe, then total lobectomy 
and radical neck dissection are performed on 
this side at a later date. He believes that a 
much cleaner and more complete dissection of 
the opposite side can be performed by this 
method. 

Frazell and Foote [21] and McDonald and 
Kotin [32] found that there were contralateral 
cervical lymph node metastases in 13 per cent 
of their cases of papillary carcinoma of the 
thyroid. Numerous authors have reported mul- 
tiple foci of papillary carcinoma in the same 
lobe thus indicating the necessity for total 
lobectomy. Those who advocate total thy- 
roidectomy for papillary carcinoma do so 
because: (1) the thyroid gland should be con- 
sidered as a single organ and therefore be com- 
pletely removed; and (2) tumor foci may be 
present in both lobes. 

Treatment of the cervical lymph nodes in papil- 
lary carcinoma of the thyroid: The opinions of 
most writers on this subject are almost equally 
divided between those who advocate routine 
tadical neck dissection in all casés and those 
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who recommend radical neck dissection only 
if the cervical lymph nodes are clinically in- 
volved. Three authors rarely perform radical 
neck dissections but prefer to excise the groups 
of metastatic lymph nodes as they appear. 
Those who advocate routine radical neck 


TABLE III 
INCIDENCE OF CERVICAL LYMPH NODE METASTASES IN 
PATIENTS UNDERGOING ROUTINE RADICAL NECK 
DISSECTIONS FOR PAPILLARY CARCINOMA 


.., | Per cent 
fail No. of os with with 

Patients Metas- 
tases 

O’Hara et al. [38]........ 20 20 100.0 
Ward et al. [45]......... 20 17 85.0 
Frazell and Foote [2]... 182 154 84.6 


dissections in patients with papillary carcinoma 
do so for several reasons: (1) Such a procedure 
follows the generally accepted precepts of can- 
cer surgery. (2) The incidence of cervical lymph 
node metastases in papillary cancer is very 
high, being approximately 85 per cent. Frazell 
and Foote [2] state that the frequency of 
lymph node metastases in cases of papillary 
carcinoma having no suspicious or palpable 
cervical lymph nodes is 61 per cent. They also 
point out that the number and the extent of 
metastases in the neck is considerably less in 
patients without clinically positive lymph 
nodes than in those with them. They thus sug- 
gest that the chance of cure may be greater in 
the former group than in the latter. (3) It is 
technically more difficult to perform satisfac- 
tory radical dissection in a neck that has pre- 
viously been entered; this is especially true 
after thyroid surgery. (4) Lymph node metas- 
tases are multiple in the great majority of cases 
of papillary carcinoma. (5) Papillary thyroid 
carcinoma is considered to be a malignant 
disease capable of causing death; therefore, a 
maximum total effort including radical neck 
dissection is mandatory. 

Those who advocate radical neck dissection 
only in the presence of clinically positive lymph 
nodes do so for numerous reasons: (1) Some 
believe that routine radical neck dissection is 
unnecessarily drastic treatment for a tumor 
which pursues so dilatory a natural course 
[31,32]. (2) In the majority of patients with 
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papillary carcinoma the lymph nodes are not 
invaded [2]. (3) Lymph node metastases, when 
they occur, are usually grossly evident clini- 
cally [2]. (4) Many patients with papillary car- 
cinoma are children or young adults, and the 
psychological trauma resulting from the physi- 
cal disfigurement, especially in female patients, 
may make social adjustment difficult or 
impossible. 

Those who advocate excision of the groups 
of metastatic lymph nodes as they appear cite 
the following reasons to substantiate their 
position: (1) There is no difference in the prog- 
nosis of papillary carcinoma when radical neck 
dissection is performed routinely as compared 
with excision of the metastatic lymph nodes 
as they appear [9,39]. (2) The concept of radical 
surgical removal of the primary tumor, along 
with the regional lymphatics en masse, is not 
particularly applicable to the resection of 
malignant tumors of the thyroid because of the 
anatomical relations of the thyroid to the ad- 
jacent vital structures [39]. (3) Radical neck 
dissection may be avoided if patients can be 
followed up closely and the recurrences care- 
fully excised as they appear [25]. (4) Lymph 
node metastases from papillary carcinoma of 
the thyroid rarely, if ever, become locally 
inoperable [11,39]. 

The high incidence of cervical metastases in 
patients with papillary carcinomas treated in 
those clinics where routine radical neck dissec- 
tions are performed suggests that more than 
60 per cent of patients without clinically in- 
volved cervical lymph nodes actually have 
lymph node metastases at the time of their 
initial surgery. Surgeons who advocate radical 
neck dissection only if the cervical lymph nodes 
are clinically involved and who are therefore 
advising radical neck dissection on all patients 
with known cervical metastases probably 
should reappraise their position. 


UNDIFFERENTIATED (ANAPLASTIC) CARCINOMA 


All tumors falling into this group (all thyroid 
carcinomas except follicular and papillary) can 
be considered in one category from the stand- 
point of their biological behavior. They are all 
anaplastic, rapidly growing lesions of great 
histologic diversity. They are often bulky 
tumors, involving more than one lobe, and 
extend locally into the neck as they are highly 
infiltrative. Approximately 50 per cent of 


patients are reported to have lymph node 
metastases at the time of their initial examina- 
tion. These undifferentiated thyroid tumors 
rarely occur before middle age, and their rapid 
progression is an outstanding clinical charac- 
teristic. McDermott et al. [31] found that only 
20 per cent of forty-five patients were surgically 
resectable at the initial hospital admission; 
70 per cent were dead within one year of the 
date their diagnosis was established, and five 
of the twelve patients with resectable ana- 
plastic tumors were living and well four years 
after surgery. Frazell and Foote [79] have no 
surviving patients in their series of cases of 
undifferentiated carcinoma of the thyroid. In 
Crile and Hagard’s [14] series all patients with 
undifferentiated carcinoma are either dead or 
have inoperable recurrences. 

Treatment. The surgical treatment of un- 
differentiated carcinoma of the thyroid is most 
unsatisfactory because of the highly malignant 
nature of these tumors with their tendency to 
rapid infiltrative growth and the early appear- 
ance of distant metastases. In most cases the 
tumor is locally inoperable even if distant 
metastases have not made their appearance. 
Treatment usually consists of relieving the 
respiratory obstruction, that is, tracheotomy 
and biopsy. Pemberton and Black [39] and 
Cattell [3] believe that an attempt should be 
made to remove the primary tumor if only to 
avoid tracheal obstruction. Meissner et al. [36] 
do not believe that radical neck dissection is 
justified in such highly malignant tumors. The 
problem of total lobectomy versus total thy- 
roidectomy and the question of routine radical 
neck dissection is rarely of significance in this 
group of highly malignant tumors. However, 
in the unusual case in which one encounters a 
relatively small, locally resectable undifferen- 
tiated thyroid tumor without evidence of dis- 
tant metastases, total thyroidectomy and 
radical neck dissection should be performed, as 
they offer the patient the only known possible 
chance of cure. 


SUMMARY 


After consideration of the various methods 
of treatment suggested for the three main 
histologic types of cancer of the thyroid certain 
seem evident: 

In most patients with follicular carcinoma 
ren lobectomy is adequate treatment for the 
primary tumor. The incidence of cervical 
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metastases from follicular carcinoma is higher 
than generally realized and may approach that 
of papillary carcinoma of the thyroid. 

2. In papillary carcinoma the choice between 
total lobectomy and total thyroidectomy has 
not been clearly defined. The not infrequent 
incidence of carcinoma in both lobes would 
favor total thyroidectomy as the choice of 
treatment. However, some, who advocate 
routine radical neck dissection, prefer total 
lobectomy and radical neck dissection en masse 
as it affords more complete dissection of the 
neck; if the opposite lobe is involved, total 
lobectomy and radical neck dissection are 
performed on this side at a later date. The in- 
cidence of positive lymph nodes in specimens 
from radical neck dissections is 85 per cent; it 
is greater than 60 per cent in those patients 
undergoing routine radical neck dissection in 
the absence of palpable cervical lymph nodes. 
This high incidence strongly suggests that 
routine radical neck dissection should be per- 
formed in cases of papillary carcinoma. 

3. In undifferentiated carcinoma the possi- 
bility of cure rarely comes up, but when it does, 
total thyroidectomy and radical neck dissection 
would seem advisable. 
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DISCUSSION 

H. J. McCorkce (San Francisco, Calif.): It was 
a privilege to be the first to have the opportunity 
to read and study Dr. Chester’s appraisal of the 
surgical methods for treatment of thyroid cancer 
resulting from his carefully made collective review 
and experience. His conclusions have helped me to 
become more firmly convinced that even though 
cancer of the thyroid may vary in its degree of 
malignancy, extent and method of spread according 
to its histological pattern or type, it still is (re- 
gardless of type) an unpredictably malignant 
disease that may cause death. Therefore, cancer 
of the thyroid should not be disseminated into the 
operative field by incisional or other biopsy proce- 
dures. It should, if possible, be effectively excised 
by surgical operation. 

Cancer arising in one lobe of the thyroid gland 
involved also the opposite lobe either by direct or 
lymphatic extension or multiple foci of origin in 
30 per cent of papillary, 25 per cent of follicular 
and 60 per cent of undifferentiated thyroid cancer 
in a series of 293 cases of cancer of the thyroid 


reviewed recently by our Professor of Pathology, 
Dr. Stuart Lindsay, at the University of California 
Hospitals in San Francisco. For this reason I be- 
lieve that total thyroidectomy is indicated in all 
patients with operable cancer of the thyroid gland 
with two exceptions: (1) small single papillary 
thyroid tumors that are found usually by micro- 
scopic study in a thyroid lobe that has already been 
resected; and (2) small solitary adenomatous 
nodules in which thyroid lobectomy has already 
been performed and in which the microscopic 
evidence of malignancy is equivocal or meager. (In 
the cases in which these two exceptions are made, 
unilateral thyroid lobectomy probably is sufficient 
treatment.) 

When a possibly malignant thyroid nodule is 
encountered at surgical operation, I believe the 
entire lobe, or the entire isthmus (if it is in the 
midline) or a suspicious-appearing nearby lymph 
node, if present, should be removed. In these cases 
the coagulating current of the electrosurgical unit 
should be used to make a bloodless division of the 
isthmus or of any other thyroid tissue that is di- 
vided, and the margins of divided thyroid tissue 
thoroughly electrocoagulated immediately as they 
are transected. The surgically excised specimen 
should be taken away from the sterile field for in- 
spection and frozen section microscopic studies, 
The surgeon should discard the instruments used 
for this biopsy and change gloves and any other 
apparel that may have come in contact with the 
tissue suspected of containing cancer. In this 
way the possibilities of spreading the disease at 
biopsy are eliminated or at least very greatly 
minimized. 

It is difficult for a surgeon to be certain by gross 
examination of the surgically excised specimen 
whether the diagnosis is cancer or benign disease 
of the thyroid, and the differentiation of the his- 
tological picture of benign or malignant thyroid 
disease from frozen section preparations may not 
be possible during operation. In such cases it is 
preferable to close the incision and request the 
pathologist to prepare a rapid paraffin section 
which can be ready for microscopic study in twenty- 
four to forty-eight hours. If the diagnosis is then 
found to be cancer of the thyroid gland, reoperation 
can sometimes be performed before the fourth or 
fifth postoperative day before the inflammatory 
and scar reactions have become very active in the 
thyroid region. 

In order to perform total thyroidectomy upon 
patients with thyroid cancer it is essential to have 
an exact knowledge of the anatomy of recurrent 
laryngeal nerves and parathyroid glands, and to be 
able to dissect cleanly in a field in which precise 
visualization of the structures is maintained by 
adequate hemostasis. 

Because of the high incidence of metastases to 
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the regional cervical lymph nodes, described by 
Dr. Chester and others as occurring in all types of 
cancer of the thyroid gland, I believe that (1) surgi- 
cal removal of the regional lymphatics in the 
cervical region on the side of the primary lesion 
should be performed (with the two aforementioned 
exceptions); (2) the regional cervical lymphat- 
ics on the opposite side should also be removed if 
the opposite lobe is invaded; and (3) mediastinal 
dissection should be performed if the primary 
lesion is near the midline or if the lymph nodes in- 
ferior to the isthmus contain cancer. 

It may not be possible, as Crile and others have 
said, to remove the cancerous thyroid gland and its 
regional lymphatics exactly en bloc, but we have 
had ample surgical experience to confirm the fact 
that when surgical resections are performed in 
continuity as cleanly and thoroughly for the re- 
moval of thyroid cancer from the neck as they are 
for the removal of malignant disease from the 
breast and axilla, patients with thyroid cancer 
may be cured, or their disease may be effectively 
controlled for many years without causing serious 
morbidity or disfigurement. 

Palliative resections of surgically incurable thy- 
roid malignancy may be helpful if the disease 
appears to be surgically removable. 

I wish to take this opportunity to thank Dr. 
Chester for his useful summary of the knowledge 
of the treatment of carcinoma of the thyroid. 

Henry H. Searts (San Francisco, Calif.): Dr. 
Chester’s paper is a challenging addition to the 
literature on this subject, and it has stimulated me 
to offer the following discussion. 

The pathological picture can often be grossly 
demonstrated in the papillary type or recognized 
in a good frozen section. Also, a frozen section of 
lymph nodes included in the removed specimen 
may have some bearing on whether or not radical 
treatment is indicated. Sometimes such an opera- 
tion leaves a patient very ill for a long time, and in 
a disease which is so slow in its development | think 
it may be better in many instances to perform a 
palliative procedure. 

Nothing has been said about x-ray therapy, 
which is of very great value in papillary tumors. 

The thought of the pathologist in looking at this 
material should be that the best criterion of whether 
or not a follicular tumor is malignant is the pres- 
ence or absence of invasion: invasion of blood 
vessels, invasion of the capsule of the tumor itself 
or invasion of the surrounding thyroid tissue. 

The thyroid gland has been described as a 
lymphatic pool. A papillary tumor spreads chiefly 
by the lymphatics and therefore goes very rapidly 
from one part of the thyroid to another. Conse- 
quently, less than total thyroidectomy should not 
be considered when there is a papillary type of 
carcinoma. The benign papilloma is.an extremely 
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rare condition and if a papillary pattern has been 
demonstrated, treatment should be that which is 
indicated for malignant tumors. Failure! of the 
pathologist to demonstrate on frozen section the 
spread of the carcinoma to adjacent lymph nodes 
removed in the primary procedure may be con- 
sidered an indication for limiting the operation to 
total thyroidectomy without radical neck or radical 
mediastinal dissection, until such time as further 
spread has been demonstrated. 

LEONARD Dosson (San Francisco, Calif.): I wish 
to point out the value of the preoperative adminis- 
tration of radioiodine. A test dose of I['*! is ad- 
ministered forty-eight hours before the operation 
and then the neck and chest are carefully scanned. 
The relative uptake of any masses in the neck or 
in the mediastinum is charted. After the operation 
radioautographs are obtained of the tumor and 
the lymph node metastases. It is very helpful to 
know if the tumor takes up radioiodine; if it does, 
then any inaccessible metastases may be destroyed 
by therapeutic doses of radioiodine. 

RoBertTSON Warp (San Francisco, Calif.): I cer- 
tainly agree with Dr. Dobson that no discussion of 
carcinoma of the thyroid is complete without a 
consideration of radioactive iodine, both in the 
diagnosis and in the treatment. I am sure that 
Dr. Chester limited himself on this topic because of 
the amount of time allowed for presentation of 
the subject. 

I cannot help making a remark or two based on 
the comments I made last year. At that time I was 
asked to discuss the routine use of an indwelling 
nasal tube after operation, and I told of my ab- 
horrence of the term “routine.” “Routine” has 
been mentioned a number of times already and 
I wish to state again how allergic I am to its use. 
I think there is no excuse for “routine” in surgery, 
and I have no patience with people who recom- 
mend “routine” procedures. Each case should be 
one unto itself; your decisions as to what you do 
and how much you do should be based on what the 
individual patient needs. 

The topic mentioned in Dr. McCorkle’s discus- 
sion is a big one we meet daily. What should you 
do in the case of a solitary tumor or one in which 
you do not suspect carcinoma? Is less than total 
lobectomy justified? What should you do in case 
the sentinel node is found to be positive for 
carcinoma? 

All these questions need answers and we will 
obtain them sooner because of discussions such as 
these, provoked by Dr. Chester’s interesting 
presentation. 

L. Gorpon Fisk (Santa Barbara, Calif.): I would 
like to ask Drs. Chester and McCorkle what their 
concept is of radical neck dissection. How radical 
is the neck dissection and what triangles of the 
neck do they include (all of them)? 
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SPENCER T. CHESTER (closing): I wish to thank 
the discussers for their most pertinent and in- 
formative remarks. 

In answer to Dr. Fisk, the term “radical neck 
dissection,” as used in this presentation, means the 
complete dissection of the anterior and posterior 
triangles of the involved side. 

There are many variations and modifications 
reported in the literature. Some surgeons do not 


resect the submaxillary area; others routinely leave 
the internal jugular vein and the sternomastoid 
muscle; sometimes just the muscle is left. The term 
“radical neck dissection,” as used in this presenta- 
tion, means complete neck dissection. 

I might state that while reviewing this material, 
I received the impression that the recent trend in 
carcinoma of the thyroid is toward more radical 
surgery, and perhaps that is as it should be, 
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Second Operations for Uncontrolled 
Abdominal or Pelvic Cancer 


SIEGFRIED F. HERRMANN, M.D., Tacoma, Washington 


n the course of omnivorous reading in my 
I student days I came across a definition by 
Rhazes, an Arabian physician, who lived in the 
ninth century: “The best physician is he who 
has learned to distinguish between the possible 
and the impossible.”’ This ideal has influenced 
me during my entire professional life and has 
made me unwilling to apply surgical treatment 
unless I could see possible benefit for the pa- 
tient. It has also encouraged study to keep 
abreast of progress. What was impossible 
yesterday may be possible today. Some of my 
patients have suffered because of my failure to 
appreciate possibilities. Conservatism can be 
carried too far, yet indiscriminate surgery can- 
not be condoned. 

For some time I was guilty of performing 
“palliative”? colostomies for rectosigmoid can- 
cer. It did not take long to learn that colostomy 
without resection of the lesion only complicates 
misery. Anterior resection, however, per- 
formed despite the presence of local and 
hepatic metastases, may be worth while. Later, 
when obstruction recurs as the result of the 
inexorable growth of residual cancer, the futil- 
ity of further surgical attempts must be recog- 
nized. We can render a greater service by help- 
ing the patient accept death with reasonable 
serenity. Two case reports will illustrate this 
point, 


CASE REPORTS 


Case1. P.S., a fifty-four year old man, had an 
anaplastic adenocarcinoma of the sigmoid with ex- 
tension into the prostate and into regional lymph 
nodes, At the time of exploration we discussed the 
possibility of complete pelvic exenteration but the 
referring doctor, who knew the patient well, voted 
against it. | performed resection of the bowel and 
removed a portion of the prostate with the cautery, 
knowing that this would afford only temporary 
palliation. 
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The patient did well for two months when he 
began to complain of aching in the buttocks. There 
was then obvious induration anterior to the rectum. 
Radical operation was explained to him but was 
not urged. It was refused. Four months later there 
were signs of beginning obstruction. I advised 
against surgery and recommended full doses of 
sedatives. One month later his doctor, without 
consulting me, performed loop ileostomy for ob- 
struction. Actually a loop of bowel, torn by the 
exploration, was exteriorized. The patient survived 
miserably for two months. I saw him at his home 
and tried to help care for the spouting ileostomy, 
complicated by a fistula. Death would have been 
welcomed much sooner than it came. 


Caseu. Rev. C. M., age sixty-eight, had under- 
gone sigmoidal resection for cancer elsewhere, 
eighteen months before he came to me. There was 
then a mass in the abdominal incision which felt 
like omentum. A recent barium enema had shown 
no lesion of the colon. One month later the stools 
were dark and positive for blood. Sigmoidoscopic 
examination revealed no abnormalities. After an- 
other month he consulted an internist. The mass 
in the abdominal wall now felt hard. Biopsy was 
advised. Nothing was done because he wished first 
to make an important trip to California. Three 
months later he returned, in poor condition, with 
the story that he had survived an attack of intes- 
tinal obstruction. Although he was not now vomit- 
ing there was visible peristalsis. Exploration dis- 
closed numerous implants of carcinoma. The 
omentum was a large, hard, cancerous mass. A loop 
of constricted jejunum was adherent to it. An 
anastomosis was made between the distended 
jejunum and the transverse colon. The distressing 
symptoms of obstruction were relieved temporarily. 
He was advised to prepare for death since nothing 
curative could be done. He had read of teropterin® 
in Time Magazine and insisted on trying it, but died 
resignedly of complete obstruction five months later. 


In some cases of residual cancer of the cervix 
not responsive to x-ray treatment, or In In- 
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tractable cancer of the urinary bladder, the 
so-called all-American pelvic exenteration op- 
eration may be indicated, but we have found 
palliative value only when such super radical 
efforts are applied reasonably early. If the 
patient refuses to accept such mutilation 
promptly, the surgeon should in turn refuse to 
operate months later when the malignant mass 
is fixed in the pelvis and involves nerves, great 
vessels and bone. Three examples will be cited. 


Case ut. The patient, Mrs. J. Z., was a forty- 
four year old woman. A general practitioner had 
performed total hysterectomy for stage 111 cancer 
of the cervix. Involvement of the paracervical 
tissue was discovered at surgery and x-ray therapy 
was given. Six months later, this doctor referred 
the patient to me because of a firm mass in the 
mid-pelvis, apparently attached to the bladder. 
Examination of the bladder and rectum revealed 
no abnormalities. The patient, a refined, fastidious 
woman, appeared to be in good health. The need 
for complete pelvic exenteration was explained to 
her and she accepted it. The operation was per- 
formed but our hope of complete eradication of the 
cancer was defeated by involvement of the left 
common iliac vein. The ureters were transplanted 
into a segment of ileum according to the Bricker 
technic. The transected sigmoid was brought out 
as a permanent colostomy. The entire pelvic con- 
tents, vulva and perineum were removed. 

Within two months the patient had completely 
adjusted herself to living with a colostomy and an 
ileostomy appliance; we were all pleased. However, 
in six months acute intestinal obstruction occurred. 
Exploration showed multiple loops of small bowel 
adherent in the pelvis to residual cancer. The 
dilated bowel was anastomosed to the ascending 
colon. Improvement was temporary. Soon trouble- 
some diarrhea developed. A metastatic mass ap- 
peared in the left buttock. The patient died thirteen 
months after our attempt to do the impossible. In a 
more favorable case it might have been successful. 


Case iv. Mrs. S. W., age fifty-five, first came 
to me one and a half years after hysterectomy had 
been performed for cancer of the cervix. Radium 
had been used, followed in six weeks by surgery. 
There was now recurrence of a bloody discharge 
due to necrosis and induration in the vaginal vault 
in what appeared to be residual cervix. I removed 
the upper portion of the vagina by the abdominal 
route, dissecting the pelvic tissues widely as in a 
Wertheim operation. The first result was satisfac- 
tory but ten months later she complained of aching 
in the pelvis and sacrum; induration could be felt 
by rectum. Deep x-ray therapy (2,500 r to four 
ports) was given to the point of severe local and 
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skin reaction. A rectovaginal fistula developed and 
vaginal bleeding required packing; soon there wags 
also a vesicovaginal fistula. This was eighteen 
months after I had performed the first operation, 
The situation was so intolerable that we finally 
attempted complete pelvic evisceration, which she 
had refused six months previously. It was impos. 
sible to remove the pelvic mass because it invaded 
the lateral pelvic wall. Both ureters were trans. 
planted into an isolated segment of ileum and 
colostomy was established. Foul, bloody discharge, 
at times hemorrhage, continued to come from the 
vagina. She lived miserably for three months, 


This case is a sad record of poor surgery and 
poor judgment. Heroic surgery, if used, must 
be performed early and not as a last resort 
when benefit is impossible. By contrast, the 
next case Is Impressive. 


Case v. G.A., a thirty-nine year old man, was 
seen by a urologist because of dysuria and hema- 
turia. Examination and biopsy showed transitional 
cell carcinoma of the bladder, grade 111, with no 
evidence of significant invasion. I assisted in the 
performance of radical cystoprostatectomy. There 
was no fixation in the pelvis but some of the iliac 
nodes, which were removed en masse with the 
bladder, seminal vesicles and prostate, contained 
tumor cells. The sigmoid colon was divided and the 
proximal end brought out as a colostomy. The 
ureters were transplanted into the isolated distal 
sigmoid. Convalescence was uneventful. Rectal 
continence of urine was soon established and the 
patient is now, one year later, carrying on his usual 
occupation. He may not be cured but he certainly 
has been benefited. 


Second look operations can hardly be recom- 
mended for routine application but one must 
sometimes overcome his reluctance to reoperate 
for apparently incurable residual or recurring 
abdominal cancer. The following case shows the 
distressing sequel of failure to reoperate. 


Casevi. Mrs. A.S., age sixty-eight, was known 
to have gallstones with intermittent colic of ten 
years’ duration and now had constant indigestion 
and a weight loss of 25 pounds in six months. We 
found adenocarcinoma of the distal duodenum. 
Adjacent lymph nodes contained tumor. It was 
possible to resect the involved duodenum and ad- 
jacent tissue. End-to-end anastomosis was made. 
The thickened, stone-filled gallbladder was re 
moved incidentally. She did well for four months 
when vomiting recurred. X-ray examination 
showed duodenal narrowing but no definite evi- 
dence of tumor. Gastrojejunostomy was suggested 
but the early development of a palpable mass, 
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slight ascites and back pain made us change our 
mind. We thought she had only a short while to 
live and advised that it might be better to endure 
starvation. She agreed with this decision but as 
weeks dragged on we regretted it. She lived for two 
months without any oral nourishment. Death was 
inevitable but the distressing symptom of slow 
starvation could have been avoided. Evidence has 
been cited that starvation retards the growth of 
cancer. This patient might have died sooner had 
she been adequately nourished. 


Several instances will now be cited which 
show surprising benefits of second look surgery. 


Casevuil. W.G., a forty-four year old man, had 
progressive jaundice and severe itching due to 
cancer of the head of the pancreas. Cholecysto- 
jejunostomy was performed on October 24, 1930. 
He was well for four months when the same symp- 
toms recurred. I told him that nothing more could 
be done but he begged me to operate again because 
of the intolerable itching. On February 12, 1932, 
exploration showed that the anastomosis was closed 
by encroaching cancer but there were no metastases 
to the liver. It was possible to make another anas- 
tomosis of gallbladder to duodenum. He remained 
well for three and a half years. In October, 1935, 
severe pain caused us to inject the celiac plexus 
on the right side with alcohol. Relief was imme- 
diate but transient. He lived for seven and a half 
years after his first palliative surgery. 


Case vii. Mrs. E. B., age forty-seven, con- 
sulted me in June, 1950. Gastric resection for can- 
cer had been performed in March, 1949. She had 
been well until recently but now was unable to eat 
because of epigastric fullness and vomiting. X-ray 
examination showed obstruction at the gastric out- 
let by a distinct mass. The upper stomach appeared 
uninvolved. Without much hope of success we 
decided to operate. We found a firm, infiltrating 
cancer adherent to the pancreas but there were no 
enlarged lymph nodes and the liver was smooth. 
Total gastrectomy, partial pancreatectomy and 
splenectomy were performed. The result has been 
most gratifying. Except for the inability to gain 
weight and anemia requiring treatment she has 
been perfectly well. She has enjoyed seven and a 
half years of life which would have been denied her 
had we refused to reoperate. 


Case 1x. Mrs. J. A., age fifty-nine, had under- 
gone gastric resection for ulcer in Norway in 1929. 
I first saw her in March, 1956. She was referred 
by a doctor from a clinic in a neighboring state. 
She had been under observation for two and a half 
years because of indigestion. Initial examinations 
had shown no lesion but now vomiting, diarrhea 
and loss of weight (she weighed only 100 pounds) 
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led to re-examination. There was a palpable mass 
in the area of the left transverse colon. X-ray re- 
vealed a narrowed colonic segment, 12 cm. long, 
resembling chronic ulcerative colitis; however, the 
stomach was also fixed, narrowed and indistensible, 
as if involved by an infiltrative process. The proba- 
ble diagnosis was infiltrative carcinoma involving 
both stomach and colon. I wished that she had not 
come home for surgery but I agreed to try. We 
found linitis plastica. The entire stomach, spleen 
and involved transverse colon were removed 
en masse. Because the gallbladder also showed 
peculiar infiltration it too was removed. Lymph 
nodes and liver were normal. 

The patient recovered surprisingly well. Vitamin 
Bie. controlled the anemia. She carried on with 
housework but one year later complained of gas 
and distention. There was again a mass in the 
region of the transverse colon and obstruction was 
confirmed by x-ray. On May 3, 1957, the involved 
portion of colon, along with adherent jejunum, was 
resected. Again no metastases were demonstrated. 
The pathologist at first reported only fibrosis but 
careful search disclosed cancer cells. Symptoms 
have been relieved and she is again carrying on 
independently although she is unable to gain weight. 

This was a surgical miracle which would not have 
happened had we followed only our conservative 
instincts. 


Case x. F. J., a fifty-six year old man, was 
operated upon during my absence by my partner. 
The emergency was hemorrhage from a large 
malignant ulcer on the greater curvature in the 
distal end of the stomach. Because two metastatic 
nodules were palpated in the liver, conservative 
sleeve resection was performed, without removing 
the pylorus, in February, 1956. The patient was 
unhappy because he could not eat; the stomach 
failed to empty satisfactorily. In July he was again 
hospitalized for severe melena. X-ray showed 
obstruction at the gastric outlet. Transfusions were 
given but no surgery was performed. In August he 
was again transfused. He ate very little but con- 
tinued to come to the office because of anemia and 
weakness. When he had another severe hemorrhage 
in March, 1957, I was asked to re-evaluate the 
possibility of another operation. Because it was 
conceivable that the bleeding might be from 
recurring benign ulceration, exploration was per- 
formed on April 1, 1957. The pyloric region was 
normal without evidence of residual cancer but on 
the lesser curvature, almost at the esophagus, there 
was a second ulcerating cancer. No regional nodes 
were involved. The metastatic nodules in the liver 
noted one year previously were unchanged. The 
stomach was mobilized and resected, leaving only 
the fundus. The esophageal junction and lesser 
curvature were reconstructed. By dividing the vasa 
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brevia it was possible to swing the end of the 
fundus over to meet the mobilized duodenal stump 
for a Billroth 1 anastomosis. 

The patient is tremendously grateful. He is again 
actively following his string of race horses and eats 
hamburgers and hot dogs. We know that this can- 
not continue long but it is gratifying nevertheless. 


SUMMARY 


The best surgeon will try to distinguish be- 
tween the possible and impossible but with 
modern progress and experience his concepts 
and his judgment will change. Although cure 
is the ideal aim in surgery for cancer, relief of 
distressing symptoms Is also worth while. 

Case reports have been cited to show that 
(1) “palliative” operations which do not make 
life more tolerable should be avoided; (2) radi- 
cal, heroic attempts to remove residual cancer 
may be worth while if the decision to operate 
is made and accepted promptly (if there is 
much delay, experience dictates refusal); (3) 
second operations for cancer are not to be 
applied indiscriminately but our surgical con- 
science must sometimes allow us to attempt 
what might appear to be impossible. 


DISCUSSION 


Davip METHENy (Seattle, Wash.): None of us 
will disagree with Rhazes or Dr. Herrmann: ‘‘The 
best physician is he who has learned to distinguish 
the possible from the impossible.” However, it is 
not always easy to know. What is impossible today 
may be possible tomorrow. Furthermore, what 
looks impossible before operation may turn out not 
to be a problem on exploration. 

One cannot always tell without taking a second 
look. For example, about six years ago I performed 
radical subtotal pancreatectomy for cancer of the 
pancreas. Within a year recurrent jaundice de- 
veloped. The chances of doing good are almost nil 
in such a situation. Exploration revealed a benign 
stricture of the anastomosis between the common 
duct and the jejunum. This was corrected and the 
patient is now alive and apparently well five years 
after a “second look.” 

When a patient returns with recurrent signs or 
symptoms after an operation for abdominal or 
pelvic cancer permanent good is seldom achieved, 
at least in my experience. Temporary good is more 
frequent. We must let the best judgment of the 
responsible surgeon decide. He should know that 
particular problem best. Life may be difficult but 
to many it will still be precious. 


I have inquired about routine “second look” 


operations. The two largest clinics in the United 
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States do not use them, nor does the University of 
Edinburgh (the home of the McWhirter treat- 
ment). | wrote to Dr. Arhelger of the University of 
Minnesota who kindly sent me his last reprint 
from the Proceedings of the Third National Cancer 
Conference. I would like to discuss what they 
reported on cancer of the stomach and colon. 

They routinely performed reoperation upon only 
those patients with cancer of the stomach who had 
positive nodes at the first operation. Of these, 
forty-five were reported. In twenty-five reopera- 
tions cancer was again found. They think that three 
patients have been benefited (six to sixty months), 
There were three operative deaths. In forty-five 
patients with cancer of the colon and positive nodes 
at the first operation, cancer was found in twenty- 
two at the second look. They think that they may 
have helped five patients (eight to forty-nine 
months). There was one operative death. 

Of more interest is the fact that in the second 
look operations in which no residual cancer was 
found, about one in three died of residual disease. 
This was seven of twenty cases of cancer of the 
stomach and six of twenty-three cases of cancer 
of the colon. Dr. Arhelger and his group make this 
point “‘a unique opportunity to study the nature 
and location of the spread of asymptomatic cancer. 
... All my correspondents on the subject seem 
to think that newer knowledge obtained by the 
““second look” might be the biggest benefit of the 
procedure. 

Inasmuch as this procedure as planned and per- 
formed had missed thirteen instances of residual 
cancer in forty-three patients, we must strive for 
better results. If it were possible to discover hidden 
nodes at the first operation that are now being 
missed and to remove them then rather than six 


months Jater when they are swollen with cancer 


our end results might be better. 

I wonder if the procedure used by Dr. Weinberg 
of this Society has practical value here. He injected 
the intestinal wall above and below the tumor at the 
beginning of the operation with 3 to 5 cc. of sky 
blue and 18 to 30 units of wyadase®. Within fifteen 
minutes it is picked up by the regional nodes that 
are not choked with cancer. I have done this a few 
times myself but cannot evaluate its practical use 
at present. 

Ere HENRIKSEN (Los Angeles, Calif.): We have 
been extremely interested in radical surgery as it is 
practiced by some of the general surgeons and 
gynecologists in the southern part of California. 
Too often radical surgery consists of nothing more 
than total hysterectomy. 

To disagree with Dr. Herrmann’s precepts and 
ideals would place me in the category of “for sin 
and against motherhood,” which I am strongly not. 
It reminds me of a proverb, however, that Emge of 


San Francisco always quotes: “In moments con- 
troversial my judgment Is always fine; I always see 
both sides—the side that’s wrong, and mine.” 

Going back further into history, Confucius once 
said, “To know that you know not is to know,” 
but that does not necessarily mean that it gives 
you judgment, and | think that in the management 
of so-called hopeless cases or recurrent cases of 
carcinoma, of the pelvis especially, there are three 
approaches. First, surgery, if you are sufficiently 
trained and realize the limitations; second, the 
management of pain. We have watched our cases 
and I think the management of pain is one of the 
most important factors in keeping these patients 
alive. Third, the instruction and the human man- 
agement of the patient and his family. There is a 
complete lack of feeling on the part of the average 
individual in the profession once he believes the 
patient with cancer has a hopeless condition and 
sends him home. Therefore, the patient seeks un- 
orthodox treatments or any other thing that offers 
one straw of relief or hope. I strongly feel that it is 
up to the profession to combat this by realizing 
that when they are through with the patient, 
surgically or radiologically speaking, then their 
real job begins. 

I do not think there is such an operation as pelvic 
exenteration, be it North American, South Ameri- 
can or all-American. We know from our studies at 
U.S. C. that 20 per cent of cases of clinical stage 1 
cancers of the cervix will have metastases. I have 
performed over 200 autopsies since 1931, trying 
to trace the dissemination of carcinoma of the 
cervix and the fundus, and it still takes me over 
three hours, on a fresh autopsy body, to clean out 
at least 80 per cent of the nodes. To get the other 
20 per cent I have to take the specimen out, put 
it on a block and use binoculars. I do not believe 
anyone should think he is good enough to remove 
all the nodes in carcinoma of the cervix. 

We have had the opportunity in Los Angeles, 
because of the odd cults here, to follow up many 
patients who have accepted neither surgery, radium 
nor x-ray. It is remarkable how long some of these 
patients live in comfort without any interference 
from the medical profession. I think too many of 
us look upon the patient as a cancer with patient, 
rather than a patient with cancer. 

P, Lonomire, Jr. (Los Angeles, Calif.): 
I should like to thank Dr. Herrmann for bringing 
up a most interesting subject, t.e., the philosophy 
of the treatment of cancer. 

I think there is one other aspect of cancer treat- 
ment that all surgeons should currently be con- 
sidering, and that is the use of chemotherapy. 

As surgeons, we all realize that to be able to treat 
carcinoma anywhere in the body effectively it has 
to be a localized disease. Once it becomes a systemic 
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disease it is beyond the limits of the knife of the 
most radical surgeon. The work of Drs. Cole and 
Moore has emphasized the prevalence of carcinoma 
as a systemic disease by showing with what fre- 
quency circulating malignant cells can be demon- 
strated in the peripheral blood of patients with 
carcinoma of the stomach, lung and other organs. 
Certainly, the incidence of circulating malignant 
cells is far greater than I had ever anticipated. 

Dr. Cole’s demonstration that the stress of an 
operation lowers the resistance to the growth of 
malignant cells has been most significant and it 
certainly bears out what our grandmothers have 
been telling us for many years, that “operations 
spread cancer.” 

At the present time the Cancer Institute of the 
National Institutes of Health is conducting an 
active program of investigation with regard to 
chemotherapy of cancer. One phase of this program 
constitutes a study of surgery plus chemotherapy 
in the treatment of gastric carcinoma in which more 
than twenty universities and other centers of re- 
search in this country are cooperating. Cases of 
carcinoma of the stomach are being randomized 
and treated with both the usual surgical procedures 
and with a preparation known as TSPA. 

The Cancer Institute has established a number of 
committees. One such committee is concerned with 
the development of new agents. Chemists through- 
out the universities of America are being canvassed 
with a view to arousing interest in the development 
of new preparations that may be of value in the 
treatment of cancer. 

Another committee is concerned with the evalua- 
tion of new compounds, At the present time several 
thousand compounds are awaiting laboratory 
evaluation. If any of these compounds shows signs 
of activity against transplantable tumors in mice, 
there is some justification for the supposition that 
they might show activity against human carcinoma. 
Of course, no one knows if this is an adequate 
yardstick to use or that there might not be other 
yardsticks of more value. This question is one of the 
big problems facing this committee. 

After these compounds go through this screening 
technic to test their toxicity and effectiveness, they 
will be made available to the clinical study panel for 
clinical evaluation. There seems to be little question 
that with an effort of this magnitude it will not be 
many years before an effective systemic treatment 
for malignancy will be found. 

SIEGFRIED F, HERRMANN (closing): Dr. Metheny 
brought up a subject which I did not touch upon, 
that is, routine re-exploration. I have not been 
convinced of this any more than he has, although it 
is an interesting study. 

I want to thank Dr. Henriksen for pointing out 
that abandonment of our patient is a grievous 
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fault, one which drives the patient to seek some 
futile although expensive and sometimes harmful 
irregular treatment. 

Dr. Longmire’s remark that operation spreads 
cancer is what I had in mind. That is why I have 
been reluctant in the past to reoperate upon pa- 
tients who have uncontrolled cancer, because I be- 
lieve the chances of doing good are perhaps less 
than the chances of stirring something up and 
worsening the condition. Perhaps that is why I have 
not been as bold as some. 

Dr. Longmire holds out the future hope that we 
may be able to treat these people more effectively. 
However, I sat in on a session at the University of 
Washington when chemotherapy for cancer was 


discussed by experts. They brought in their slides 
and their figures of thousands of experiments and 
cases, and the only thing that really has yielded to 
chemotherapy so far, as near as I could see, is a 
choriocarcinoma, which is so rare that you hardly 
ever see it. While we may have hope, we still have 
not very much to offer our patients. 

What I have tried to say is that we all become 
increasingly more bold in surgery, particularly if 
we come to meetings such as this. We see things 
on the screen and hear things discussed that were 
certainly impossible a short while ago, and I myself 
have become bolder. However, I would like to leave 
you with the thought that boldness should not be 
the same as recklessness. 
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NE of the most difficult problems facing 
O the abdominal surgeon today is the correc- 
tion of the usually avoidable “benign” injury 
to the common duct which occurs most fre- 
quently during cholecystectomy. Although the 
generally accepted method of primary repair 
of the common duct following injury is end-to- 
end anastomosis, several other methods of 
repair are available. There is by no means a 
uniformity of advice given for the operator who 
undertakes such a correction. Cattel [1] and 
Lahey [2] both favor the primary and subse- 
quent correction of such injuries by end-to-end 
repair as long as sufficient segments of proximal 
and distal duct are present. Ductal-intestinal 
anastomosis is done only when sufficient mate- 
rial for end-to-end repair is unavailable. 

Donaldson, Allen and Bartlett [3], in review- 
ing the cases of common duct reconstruction at 
the Massachusetts General Hospital from 1926 
to 1955, found that end-to-end anastomosis was 
used almost as often as ductal-intestinal recon- 
struction, the majority of such reconstructions 
being the choledochojejunostomy to the Roux-Y 
limb after the method of Allen [4]. Their sum- 
mary revealed slightly better results with the 
end-to-end repairs, and they now recommend 
primary end-to-end repair followed with sub- 
sequent ductal-intestinal anastomosis when 


the primary repair fails. 

Walters [5] found that the results from cho- 
ledochoduodenostomy equalled the results from 
choledochodochostomy, although a much larger 
number of the former procedures was carried 
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out, and he continues (1956) to favor ductal- 
duodenal anastomosis. 

Cole [6] found that the results from ductal- 
intestinal anastomosis, using primarily the 
Roux-Y limb, surpass the end-to-end method. 
In reporting a large series of cases he states a 
definite preference for the defunctionalized 
limb of jejunum in his reconstructions. 

The technic of intrahepatic cholangiojejunos- 
tomy was suggested in 1948 for use when 
dealing with the most severe problems of re- 
construction. More recent reports [7-9] have 
confirmed the value of this procedure in 
selected cases. 


CLINICAL MATERIAL 

The clinical records of twenty-one patients 
operated upon for benign stricture of the com- 
mon duct by one of us (W. P. L.) over the past 
several years were recently reviewed. Nearly 
all lesions were post-traumatic. These patients 
underwent twenty-five reconstructive proce- 
dures in our clinic and ten such procedures at 
a previous time. Included among these proce- 
dures were five end-to-end repairs carried out 
at the time of the injury or within two to three 
days following the accident. Of the initial re- 
constructions, ten of the twenty-one patients 
underwent end-to-end repair, five at the time 
of injury and five several months later. The 
repairs carried out immediately after injury 
failed in less than one year. Of the five delayed 
procedures, there were three satisfactory re- 
sults and two failures. Four patients underwent 
choledochojejunostomy, with two satisfac- 
tory results and two failures. In one patient 
each, choledochoduodenostomy and _ intrahe- 
patic cholangiojejunostomy were performed. 
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Both patients are well at the present time. 
(Table 1.) 

Of the twenty-five reconstructive procedures 
performed in our clinic, ten end-to-end anasto- 
moses were performed. Results were satisfac- 
tory in seven instances. Of the four choledocho- 


TABLE | 


RESULTS OF PRIMARY REPAIR OF BILE DUCT IN SIXTEEN 


PATIENTS* 


Results 


No. 
| Satis- | Fail- 

'factory| ure 


Procedure 


End-to-end anastomosis: 


Immediate............ 5 Oo 5 
5 3 2 
Duct-to-jejunum................ 4 2 2 
Intrahepatic cholangiojejunostomy| 1 I Oo 
Duct-to-duodenum.............. I 


* Initial procedure unknown in other patients. 


jejunostomies, there were three satisfactory 
results. Both the plastic reconstruction and the 
choledochoduodenostomy were successfully per- 
formed. Of the nine patients with intrahepatic 
cholangiojejunostomies, four had _ excellent 
results, and two had good results; there was one 
early postoperative death (the only operative 
death in the series) and there were two failures. 
(Table 11.) 

Six patients treated in our clinic required an 
additional exploration. In three cases this fol- 
lowed end-to-end repair. One re-exploration 
followed choledochojejunostomy and two fol- 
lowed intrahepatic cholangiojejunostomy. 


EXPERIMENTAL STUDIES 


An experimental study was carried out in our 
laboratory in an effort to evaluate the healing 
of two types of anastomotic procedures in the 
dog. Inasmuch as clinically one sees strictures 
that occur months or even years following the 
original anastomosis, it was believed that an 
experimental study extending over at least one 
year should be carried out in order to detect 
some of the slower and possibly more subtle 
reactions of the healing process. Most of such 
studies by other investigators have been car- 
ried out over much shorter periods of time. 

Male and female dogs weighing 15 to 30 kg. 
were used. The dogs were divided into three 


Whitman and Longmire 


288 


groups and the following operative procedures 
performed: (1) The duct was divided and 
reanastomosed end-to-end; (2) the duct was 
divided, an 8 to 10 mm. segment excised 
(enough to create tension on the suture line) 
and an end-to-end anastomosis performed; and 


TABLE II 
OVER-ALL RESULTS OF REPAIR OF BILE DUCT IN TWENTY- 
ONE PATIENTS 


Results 


Procedure No. 


Satis- | Fail- 


factory) ure 


7 
Duct-to-duodenum.............. I i 0 
Duct-to-jeyjunum................ 7 3 4 
Intrahepatic cholangiojejunostomy 9* 6 2 
TEPRIT I I 0 


* One death 12 days postoperatively from ruptured 
esophageal varix. 


(3) the duct was divided, the distal end ligated, 
and the proximal end implanted into a Roux-Y 
limb of jejunum. (Fig. 1.) A supporting splint 
was used in only one successful animal, a dog 
in group 11. The splint was removed following 
the anastomosis. These animals were closely 
followed up postoperatively. During the twelve 
months following operation the general condi- 
tion, weight and serum bilirubin levels were 
recorded. Intravenous cholangiography was 
performed on all dogs in groups 1 and 1. Un- 
successful attempts were made on all dogs in 
group 11. At the end of one year the animals 
were sacrificed, photographs taken of the extra- 
hepatic biliary tract, and microscopic sections 
made of the anastomotic sites, the liver, gall- 
bladder, proximal hepatic duct, as well as any 
organs which appeared grossly pathological. 

Results of the operations were graded as (A) 
excellent, i.e., no, or very minimal, dilatation 
of the duct proximal to the anastomosis; (B) 
good, i.e., moderate proximal dilatation but no 
signs of cholangitis or cirrhosis; and (C) failure, 
i.e., obvious obstruction, cholangitis, cirrhosis 
and postoperative deaths. 

An attempt was made to follow up five dogs 
in each group for one year. 

Group A. Seven dogs underwent division 
and simple end-to-end repair of their common 


f 


GROUP A- CONTROL 
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GROUP B-RESECTION OF SEGMENT 


Fic. 1. Illustrations of anastomotic procedures performed. 


duct. There were two postoperative deaths due 
to bile peritonitis secondary to anastomotic 
leaks. One animal died two months postopera- 
tively from emaciation; the animal simply re- 
fused to eat during his last month despite 
parenteral and tube supplementation. At au- 
topsy an excellent operative result was found 
and no obvious cause of the anorexia could be 
detected. The four remaining dogs were sacri- 
ficed at the end of one year. Two showed no 
proximal dilatation of the duct and two showed 
moderate dilatation. Of the five dogs, three 
showed varying degrees of overgrowth of 
fibrous tissue at the anastomotic site (“dia- 
phragm formation) and one showed early 
stricturing of the duct. The proximal segment 
of the duct was microscopically thickened, as 
compared to the distal segment, in three ani- 
mals, and in one animal bile duct proliferation 
occurred at the anastomotic site. The liver in 
four animals was microscopically normal, while 
that in the fifth animal showed minimal bile 
stasis but no evidence of inflammation or 
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fibrosis. The gallbladder of three animals con- 
tained fair amounts of black coal dust—like 
particles suspended in the otherwise clear yel- 
low bile. (Figures 2 to 5.) 

The weight of each of the four surviving dogs 
remained stabile. The serum bilirubin of the 
five dogs was normal at all times (0.00 to 0.20 
mg. per cent in the dog), except for a transient 
rise to 0.66 mg. per cent in one dog during the 
fourth postoperative month. 

Group B. In five dogs segments of the com- 
mon duct were removed and end-to-end repair 
performed. In four animals results were excel- 
lent, and in one the result was good. There were 
no failures and no deaths in this group at the 
end of one year. Four dogs showed only a sug- 
gestion of dilatation proximal to the anastomo- 
sis, and one dog exhibited a moderate degree of 
proximal dilatation. Two animals showed 
thickening and varying degrees of “dia- 
phragm” formation at the anastomosis; the 
other three did not. Two animals showed bile 
duct proliferation about the anastomotic site. 
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to End- Cont. 
9/29/56 


1.0 CM 


Fic. 2. End-to-end repair after thirteen months. Note 
proximal dilatation of duct. 


In two animals there was thickening of the 
proximal segment of the duct, as compared to 
the distal segment. 

Microscopically, the liver was normal in four 
dogs, and in the fifth minimal bile stasis was 
present without inflammatory changes or 
fibrosis. The gallbladder of four was thin; each 
contained thin yellow bile with moderate quan- 
tities of black coal dust—like material in suspen- 
sion. The wall of the fifth gallbladder was thick 
and the vesicle was filled with brown sandy-like 
material. 

No significant changes in weight occurred. 
Maximal postoperative serum bilirubin values 
of these dogs were 1.08, 5.0, 1.9. 2.2. and 5.6 mg. 
per cent. This was in striking contrast to these 
values in the dogs from group A. All these 
values subsequently returned to normal within 
two to six weeks. The dog with the gallbladder 
sludge was the only animal in the first two 
groups with any significant postoperative 
morbidity. His convalescence extended over 
three weeks with a good final anastomotic 
result. 

Group C. Common duct to Roux-en-Y 
anastomosis: Eleven dogs were operated upon 
in this group. Five deaths occurred in the early 
postoperative period, four due to bile peritonitis 
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Fic. 3. End-to-end repair after thirteen months. Note 
early formation of stricture at site of anastomosis. 


and one due to pneumonia plus severe obstruc- 
tion at the anastomosis. Three late deaths 
occurred in this group, one secondary to uncon- 
trolled starvation, one due to perforation of a 
duodenal ulcer with associated biliary cirrhosis, 
and the third due to acute cholangitis asso- 
ciated with chronic biliary obstruction and 
biliary cirrhosis. 

Of the six dogs who survived the early post- 
operative period, each possessed a dilated 
extrahepatic biliary system. In only one of these 
animals, however, was obstruction present. The 
ducts in the animals without obstruction 
varied in diameter from 10 to 13 mm.; the duct 
in the dog with obstruction was 20 mm. in 
diameter. Microscopically, the duct in each 
case showed a marked increase in fibrous con- 
nective tissue and a small number of chronic 
inflammatory cells. 

Grossly, the liver was green in color and 
nodular in two cases; in the remaining four It 
was normal. Microscopically, each of the dogs 
showed acute and chronic inflammatory cells 
about the portal triads. In the dog with ob- 
struction of the bile duct, as well as four of five 
dogs without obstruction, some scarring had 
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Dog #5 
Excision of Segment, 
Oper. 7/31/56 
Sac. 9/30/57 10cm. 


ric. 4. Eight millimeters of common duct excised 
fourteen months prior to autopsy. Note moderate degree 
of proximal dilatation. 


occurred about the portal areas, marked, how- 
ever, In only two instances. 

The gallbladder of each animal was filled 
with sandy brown material, and the wall of 
each was thickened and revealed chronic in- 
flammation microscopically. 

The weight and general condition of the 
three dogs that lived throughout the experi- 
mental period remained stabile. The dogs which 
died during the year lost 2.2, 7.0 and 8.0 kg.; 
the latter two weight Iosses were in the dog 
with obstruction and the animal which starved 
to death. The serum bilirubin of all animals, 
except the one which died during an episode 
of cholangitis, was normal at time of death or 
sacrifice. In nearly each case, however, transient 
rises as high as 1.3 mg. per cent had occurred 
during the experimental period. Immediately 
after operation each animal had a temporary 
rise in serum bilirubin which varied from 2.7 to 
7.8 mg. per cent. These values returned to nor- 
mal in one to three weeks. (Figs. 6 and 7, and 


Table 111.) 
COMMENTS 


In the past several years five cases of injury 
to the common duct have been brought to our 
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A 


Fic. 5. A photomicrograph of longitudinal section of 
common duct following end-to-end repair, after thirteen 
months. B, photomicrograph of longitudinal section of 
common duct following excision of segment, after 
twelve months. 


attention at the time of injury or shortly there- 
after, before the fate of the reconstruction was 
determined. Fortunately, an opportunity to 
follow up such a number of primary repairs of 
the bile duct is not often presented to one 
surgeon. In observing these cases from their 


TABLE III 
RESULTS OF EXPERIMENTAL SERIES (TWENTY-THREE 
DOGS) 
Results: 
Early | Late |___ 
Procedure | No.| Mor- | Mor- 
tality | tality | Excel- Fail- 
y y Good 
lent ure 
End-to-end.| 7} 2 I 3 2 2 
Excision of 
segment. . 5 Oo Oo 4 I Oo 
Roux-Y limb} 11 i 3T I 4 6 


* Four, bile peritonitis; 1, biliary obstruction with 
pneumonia. 

+ One, obstruction, cirrhosis, with acute cholangitis; 
1, perforated duodenal ulcer, cirrhosis, no biliary ob- 
struction; I, starvation. 


origin and their primary end-to-end repair, we 
were impressed with the fact that the anastomo- 
sis strictured in each case and that also in each 
case secondary repair was indicated in less than 
one year, although today this is the generally 
recommended method of treating such in- 
juries. Choledochojejunostomy, which many 
surgeons believe is the method of choice for 
secondary biliary repair, has not, to our knowl- 
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Fic. 6. Choledochojejunostomy to Roux-Y limb, after 
twelve months. 


edge, been used as a method of primary repair 
in a sufficient number of cases for assessment 
of its value in this situation. In other operative 
procedures, however, such as pancreaticoduo- 
denal resection, results of such primary anasto- 
moses have been most satisfactory. 

In reviewing all our clinical material, results 
would indicate that a primary end-to-end 
anastomosis performed at the time of injury 
has little chance of success. In this small series 
the results were better when the primary 
anastomosis was delayed. The series analyzed 
is too small, however, to warrant recommenda- 
tion that primary repair be routinely delayed. 

In an attempt to evaluate two methods of 
common duct repair over a long period of 
observation and the importance of tension on 
healing of the anastomosis, we decided to 
perform the previously described experimental 


procedures. Certain interesting facts were_ 


learned from this study. Although the over-all 
result in the groups undergoing end-to-end 
anastomosis was better, in nearly every case 
the following results occurred: marked thick- 
ening of the proximal segment of the common 


and Longmire 


Fic. 7. Photomicrograph of typical liver tissue from 
dogs following choledochojejunostomy to Roux-Y limbs. 


duct, a thickening at the site of anastomosis, 
proximal dilatation, and in one case an early 
stricture was evident. We believe that these 
are in essence the major stages in the develop- 
ment of the recurrent stricture of the common 
duct, that a certain amount of chronic inflam- 
mation occurs in all these anastomoses, and 
that if all these dogs could have been followed up 
for longer periods of time it is quite possible that 
additional late strictures would have developed. 
In evaluating the biliary intestinal anasto- 
moses one cannot avoid being impressed with 
the uniform presence of cholangitis despite a 
widely patent biliary-intestinal opening in each 
case. We believe that inasmuch as each Roux-Y 
limb contained intestinal contents, it was the 
reflux of this material into the biliary tract 
rather than obstruction which was responsible 
for these changes. The length of the Roux-Y 
limbs used in this study was relatively short and 
may have contributed to this reflux. 
In our experiments suture line tension did 
not seem to be of great significance. It seemed 
to be more important to obtain an accurate 
mucosa-to-mucosa anastomosis. 
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SUMMARY 


1. A review of our clinical material indicates 
that immediate, primary, end-to-end repair of 
injuries to the common bile duct has a minimal 
chance of success. We believe that other 
methods of repair deserve consideration in such 
cases. 

2. The clinical results of most authors, as 
well as our own results, indicate that any one 
reconstructive procedure, regardless of type, 
has only a 50 to 60 per cent chance of success. 

3. Histological changes which seemed to 
recreate the process of stricture formation at 
the suture line of an end-to-end anastomosis 
occurred in experimental animals at the end 
of a year. 

4. Because of the small size of the common 
duct in the dog, the procedure of two-layer 
anastomosis of duct to intestine is attended 
with considerable operative mortality. Al- 
though the anastomosis was wide open in nearly 
all these dogs, each had developed signs of 
recurrent cholangitis, probably due to reflux 
of intestinal contents into the biliary system. 
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DISCUSSION 


H. J. McCorkte (San Francisco, Calif.): I would 
like to discuss a statement from the first sentence of 
Drs, Whitman and Longmire’s paper, namely, their 
designation of injury to the common duct as 
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. . . the usually avoidable ‘benign’ injury to the 
common duct which occurs most frequently during 
cholecystectomy.” It has been said many times, 
but the statement is worth repeating, that benign 
strictures of the common duct are produced by 
surgeons, and that surgeons may avoid them by 
insuring adequate exposure and visualization of 
the ducts and blood vessels in the gallbladder and 
common duct region before the cystic duct and 
blood vessels are divided and ligated, and by mini- 
mizing trauma to the duct and its surrounding 
structures. If profuse hemorrhage is unavoidably 
produced during dissection in the region of the 
common bile duct, it may be temporarily controlled 
by the surgeon by inserting the index finger into 
the foramen of Winslow and compressing the 
hepatic artery between his thumb and index finger. 
The bleeding point may then be precisely identified 
and controlled, thus avoiding clamping or suturing 
the common bile duct. Surgeons must identify the 
common bile duct accurately but they should not 
unnecessarily deprive it of its investing tissues and 
blood supply during the dissection of this region. 
This is particularly so in operations performed in a 
field where there is considerable inflammatory 
reaction, e.g., from a large duodenal ulcer, pan- 
creatitis or from cholecystitis. An extensively 
denuded common bile duct left in an operative field 
with considerable acute inflammatory reaction 
may become strictured. These and the other causes 
of injury to the common duct are usually avoidable. 

I should like to ask the authors why the gall- 
bladder was allowed to remain in these experiments. 
We usually remove it to avoid its possible infection 
and more nearly to simulate the situation in human 
patients in whom the gallbladder has usually been 
removed. 

I agree with Drs. Whitman and Longmire that 
we need much longer than a few weeks’ or months’ 
follow-up time in order to appraise properly the 
results of repair of experimental injuries to the 
common bile duct. 

Our next group of laboratory experiments has 
been designed to produce severe inflammatory 
stricture of the common bile duct and then test the 
results of various methods of repair. Drs. Najarian 
and Murray have already done some preliminary 
work on this project, in which they have found that 
large chromic catgut ligatures or plastic bands pro- 
duce experimental strictures of the common bile 
duct, but that cotton ligatures usually do not cause 
strictures of the bile duct under the same experi- 
mental conditions. These experiments may give us 
a better knowledge of the results of the various 
methods to be used for repair of stricture of the 
common bile duct. 

I have a case report that illustrates something 
of “what to do” and “what not to do” with regard 
to the prevention of “injuries” to the common bile 
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duct. About ten years ago a surgeon in a small hos- 
pital in northern California performed a difficult 
cholecystectomy upon a young woman. While he 
was dissecting the cystic duct and blood vessels, he 
encountered severe hemorrhage which he finally 
controlled with a cotton suture ligature. On the 
second postoperative day his patient became 
slightly jaundiced. The surgeon diagnosed his 
patient’s difficulty as being due to ligation of the 
common bile duct, and on the third postoperative 
day sent her by ambulance to my service at the 
University of California Hospital in San Francisco. 
The following morning I| reopened the incision and 
divided the cotton suture ligature which com- 
pletely surrounded the common bile duct, and the 
cystic artery was retied with a separate ligature. 
The common bile duct then expanded to its full 
caliber and filled with bile. Subsequently the 
patient has remained well. 

Surgeons who treat injuries and strictures of the 
common bile duct must be capable of perform- 
ing any of the known methods for their correction. 
I believe that an end-to-end repair of the common 
bile duct should be attempted when possible; if 
that should fail and a stricture form, or if it is 
impossible to do, implantation of the duct into a 
long otherwise defunctionalized Roux-Y segment 
of jejunum should be done. I should like to empha- 
size the fact that the technical surgical skill with 
which these procedures are done is more important 
than the particular method used for accomplishing 
the anastomosis of the duct. Unnecessary surgical 
trauma must be avoided in order to prevent the 
formation of another new stricture of the common 
bile duct. I am certain that the successful repairs of 
strictures of the common duct in experimental 
animals and in patients done by Drs. Whitman 
and Longmire are largely due to their superb 
technical surgical skill. 

Finally, I wish to thank the authors for their 
excellent contributions to our knowledge about the 
difficult surgical problems of management of in- 
juries to the bile duct. 

Josepu W. Napat (Portland, Ore.): I have very 
much enjoyed, and benefited from, the papers 
presented at this meeting, including this last one. 

A few months ago I decided to analyze our ex- 
perience at The Portland Clinic in the treatment 
of injuries to the common duct. We had a rather 
small series compared to many, so our study was 
more intensive than extensive. Over a twenty-one- 
year period we had twenty cases. 

We had one mortality, the first patient in the 
series, who died of shock. One patient was lost to 
follow-up, but we were able to follow up the other 
eighteen patients right down to the present. These 
eighteen patients all had eventual good results. 
About half of them had to have one or more subse- 
quent operations. 


In reconstructing the duct all three types of 
anastomosis were used: duct-to-duct, duct-to-duo- 
denum and duct-to-jejunum. Our results were a 
little better following a duct-to-small bowel anasto- 
mosis than following duct-to-duct anastomosis, 

One question that interested me very much has 
to do with the use of internal splints in some of 
these cases. 

A few years ago my attention was arrested by 
one of Evarts Graham’s interesting Editor’s notes 
in the “Year Book of General Surgery.” This note 
followed an article on strictures of the common 
duct. He stated that it is well known that even 
though scar tissue contracts with time, it ceases 
to do so in about six to twelve months. It will con- 
tract to a certain point and the implication is that 
it does not contract any further. 

One of our patients was a woman who had had 
three operations before she came to us—a chole- 
cystectomy and two attempts at repair. We per- 
formed an equal number of operations before she 
was well, including insertion of a Vitallium tube 
and later its removal. The next to last operation 
was an anastomosis of the duct to a Roux-Y limb 
of jejunum. This became strictured, and the last 
operation this woman had was performed to correct 
that stricture. This was in 1951. I opened the 
jeyunum and could see the strictured anastomosis; 
it dilated very easily with only the ordinary Bake’s 
dilators, and stones were in the liver behind it. All ] 
did was dilate the stricture, wash out the stones 
and place a rubber catheter through the anastomo- 
sis, bringing the other end out through the ab- 
dominal wall. The catheter was removed one year 
ater and the patient has had no trouble since. 

Perhaps when an internal splint is used for the 
purpose of preventing stricture it should be left 
in for a longer period of time than is often custom- 
ary, in spite of the theoretical objections to leaving 
in a foreign body for this Iength of time. 

Another patient had a duct-to-duct anastomosis 
performed by us and then later another operation 
by Dr. Richard Cattell. We finally traced the pa- 
tient further and found that still another stricture 
had developed, for which he was operated upon in 
Great Falls, Montana, the stricture being dilated, 
debris removed anc a T tube inserted. The tube 
was left in for one year and that patient has been 
well for three years now. 

Therefore I am led to the questions: What is the 
feeling of the authors concerning the use of internal 
splints? When are they indicated and how long 
should they be left in place? The other question 
I would like to ask is whether or not they believe 
that it is important to preserve the sphincter of 
Oddi when possible. 

Wituram P. Lonomire, Jr. (closing): This sub- 
ject came to our attention a few months ago when 
a call was received from an excellent young surgeon 
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who stated that he had divided a common duct 
during the course of a cholecystectomy that morn- 
ing. He had immediately repaired the duct by 
performing an end-to-end anastomosis. He wanted 
to know if we thought he had corrected the injury 
properly and what the prognosis following such a 
repair would be. He was assured that the procedure 
he had performed was uniformly recommended 
and that the result would probably be satisfactory. 
The patient was seen approximately three months 
later with signs and symptoms of a stricture of the 
common duct. 

We then reviewed all the cases of injury to the 
common duct that we had known of from the time 
of injury—before the result of repair was known. 
Few statistics are available concerning the results 
of primary repair of the bile duct performed at the 
time of injury. Most articles dealing with injuries 
to the common duct are obviously discussing the 
overlooked injuries or the unsuccessful repairs. 
The general assumption is that successful primary 
repairs occur but that they are infrequently 
reported. 

There were five cases in our files that met these 
criteria. In each case the primary repair had 
ended in failure with the development of a stricture 
of the common duct. 

In discussing this subject with surgeons of wide 
experience about the country we have found on 
repeated occasions that such men can recall cases 
of successful primary repair of the common duct. 
So far as we are aware, however, no one has made a 
careful evaluation of this subject. It may be as- 
sumed that certain of the patients with failures do 


not return to the surgeon who performed the 
original operation. 

We then took this problem to the laboratory to 
see if we could demonstrate that a duct-intestinal 
repair was superior to an end-to-end duct repair. 
The results presented by Dr. Whitman do not 
substantiate this thesis. 

Suffice it to say that at the present time we no 
longer believe that an end-to-end duct anastomosis 
is the procedure of choice in secondary repairs of 
benign stricture of the common duct. We currently 
prefer anastomosis of the proximal end of the duct 
to a Roux-Y jejunal limb. We also have certain 
reservations concerning the universally recom- 
mended end-to-end primary repair although we do 
not believe that our evidence against end-to-end 
repair is sufficient to warrant suggesting any other 
procedure at the present time. 

Norman L. WuitMan (closing): A brief reply to 
two of the preceding questions: Dr. McCorkle, we 
believed that the gallbladder would give us one 
more valuable structure to study and thus we 
elected not to remove it. 

As to the use of splints, from reference to the 
work of Lary and Scheibe [7] we decided to omit 
using these foreign bodies in our experimental 
animals. Actually, splints were used, during the 
reconstruction only, in three animals which had 
had the Roux-Y procedure; however, in two of 
these postoperative leaks developed in spite of 
this. 


1 Lary, B. G. and Scuetse, J. R. Effect of rubber 
tubing on healing of common duct anastomoses. 
Surgery, 32: 789, 1952. 
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So-called Papillomas of the Gallbladder 


G. Epwarp SCHNUG, M.D., Spokane, Washington 


gpennene recent years we have become inter- 
ested in lesions of the gallbladder called 
papillomas by the radiologist. They are small 
radiolucent intraluminal lesions demonstrable 
in the non-calculus functioning gallbladder on 
the cholecystogram. In several instances we 
have removed such gallbladders. On examina- 
tion of the tissue in the laboratory we have 
found the so-called papilloma to represent sev- 
eral quite different, but still not impressive, 
pathologic pictures. The justification for remov- 
ing gallbladders involved only by papillomas 
because of the possible relationship of these 
small lesions to malignant disease seems ques- 
tionable. Results obtained with cholecystec- 
tomy in relieving the symptoms supposedly 
associated with the lesions were very disap- 
pointing. The questionable significance of 
papillomas of the gallbladder in relation to 
carcinoma of the gallbladder, and in respect to 
the production of symptoms, stimulated us to 
review the literature and to make a more care- 
ful study of our own experience with the lesions. 


The original method of demonstrating papil- — 


lomas of the gallbladder in cholecystography 
was first described by Kirklin [7] in 1931. 
Kirklin did pathologic studies on 17,000 surgi- 
cally removed gallbladders at the Mayo Clinic, 
and found an incidence of papilloma in 8.5 per 
cent of cases. In 1933, at the same clinic, 
Phillips [2] reported on 500 gallbladders con- 
taining papillomas. Kerr and Lendrum [3] in 
1936, in a comprehensive report, made the first 
attempt to differentiate histologically the 
various types of lesions referred to by the 
radiologists as papillomas. They demonstrated 
that the majority of cases reported in earlier 
papers were not true papillomas but were in- 
stead a form of localized cholesterosis of the 
gallbladder. In 1942 Shepard, Walters and 
Dockerty [4], in a careful histologic study of 
surgically removed gallbladders at the Mayo 
Clinic, found only forty-nine cases of true 
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papillomas of the gallbladder in all cholecystec- 
tomies performed between 1906 and 1938 at 
that clinic. They, too, differentiated the lesions 
histologically, and reported on only the true 
papillomas. The early investigators attempted 
to find some relationship between papillomas 
and carcinoma of the gallbladder, but failed 
to produce conclusive evidence of such a rela- 
tionship. As a result, cholecystectomy was 
usually not recommended as treatment for the 
condition. The problem has continued in the 
minds of those interested in the subject, but 
little concrete evidence has appeared which 
establishes papilloma of the gallbladder as a 
precancerous lesion. We have been able to find 
only eight cases recorded in the literature in 
which carcinoma of the gallbladder has been 
found associated with papillomas. In spite of 
this inadequate evidence, most authors of 
recent articles seem convinced of the relation- 
ship and are advising cholecystectomy as a 
prophylactic procedure. Recent advocates of 
operation for papilloma of the gallbladder in 
articles published since 1952 are Kane, Brown 
and Hoerr [5], Tabah and McNeer [6], Myhre 
[7], and Jones and Walker [8]. The recent shift 
to the more radical approach to the problem 
bears questioning. We believe that a careful 
study of the various type lesions classified under 
the term papilloma is significant. Also, the 
study of some of the etiological factors and 
clinical manifestations of carcinoma of the 
gallbladder is revealing. 

Pathological examination of the gallbladder 
in which a so-called papilloma is demonstrated 
on cholecystography may reveal any one of 
several lesions. It is usually not possible to 
differentiate the various lesions by radiological 
study. By far the most common lesion found 
is the cholesterol polyp. It is a small lesion 
measuring 1 to 6 mm. in diameter. It may be 
single or multiple. It is frequently associated 
with stones, but when it is the x-ray diagnosis 
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a is cholelithiasis and the papilloma is rarely 

ft OF noted. On microscopic study a cholesterol polyp 

i is found to be a polypoid projection of normal 

ul &§ gallbladder epithelium, formed by a subepithe- 

lial collection of macrophages containing 

* abundant lipoid material. It is not a new 

af growth, but instead a localized metabolic dis- 

. - turbance, and certainly not a premalignant 
lesion. (Figs. 1 and 2.) 

eo F The true papilloma is found much less fre- 

-. 8 quently than the cholesterol polyp. It may be 

f f single or multiple and also is frequently asso- 

Vs ciated with cholelithiasis. It is a polypoid 

a 8 tumor varying in size from 2 to 8 mm. in diame- 

id ter. It has a delicate branching connective 

a tssue stalk supporting a normal single layer 

CO” of epithelium. Morphologically in some respects 
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Fic. 2. Cholesterol polyp found in gallbladder shown in 
Figure 1. 


Fic. 4. True papilloma found in gallbladder shown in 
Figure 3. 


not palpable through the gallbladder wall. It 
seems to fill the criteria for classification as a 
benign new growth. (Figs. 3 and 4.) 

The third lesion, which on the x-ray gives the 
picture of a so-called papilloma, is the adenoma. 
It is found less frequently than the cholesterol 
polyp or the true papilloma. It arises from the 
subepithelial glands of the gallbladder. Since 
such glands are found only in the infundibulum 
of the gallbladder, the adenoma is found only 
in the tip of the fundus of the gallbladder. On 
x-ray film it may be somewhat more sessile 
than the other two lesions just described. It is 
usually single and is less commonly associated 
with cholelithiasis. On microscopic examination 
it is composed of gland and tubular epithelial 
structures supported by loose connective tissue. 
It must be classified as a benign new growth. 
Other benign tumors are found in the gall- 


er 
A Wine. 


Schnug 


Fic. 
adenoma of the gallbladder. 


5. Cholecystogram interpreted as showing an 


bladder but are not confused with the so-called 

papilloma on cholecystography. The chole- 

cystitis glandularis proliferans, or the localized 

form of the same condition, the inflammatory 

polyp, are found only in association with 

severe cholecystitis. In view of the severe 
TABLE | 


CASES OF SO-CALLED PAPILLOMA OF 
FOUND DURING THE PAST 


THE GALLBLADDER 
ELEVEN YEARS 


No. of patients operated upon 

Cholecystectomies during period 252 


cholecystitis the gallbladder does not visualize 
on cholecystography, and thus a_ polypoid 
lesion is not evident on radiological study. 
Rarely congenital malformations produce a 
defect in the outline of the visualized gall- 
bladder, suggesting the possibility of a papil- 
loma. However, the defect produced is usually 
more lenticular in outline and is more often 
confused with the type defect produced by an 
extrinsic lesion. 

We have encountered four patients with so- 
valled papillomas of the gallbladder during 
the course of performing 252 cholecystectomies. 
(Table 1.) On examination of the specimen in 
the laboratory in these cases we found that two 
of the papillomas were of the true papilloma 
type and two were actually cholesterol polyps. 
No evidence of malignancy was found in any 
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Fic. 6. Mucocele of the gallbladder found on examina- 
tion of the gallbladder shown in Figure 5. Pressure on 
the fundus of the gallbladder from the distended muco- 
cele caused the defect on the x-ray film. 


of the cases. We have one patient with a charac- 
teristic defect on cholecystogram which we are 
observing. A repeat cholecystogram after six 
months has showed no change in the size or 
configuration of the lesion. It is interesting that 
this patient has obtained relief from her symp- 


TABLE II 
TOTAL CASES OF CARCINOMA OF THE GALLBLADDER ASSO- 
CIATED WITH PAPILLOMA REPORTED IN THE 
LITERATURE 


| 
| No. of Cases 


Author | 
| 
Kerr and Lendrum [3]................ 2 
I 
Shepard, Walters and Dockerty y lal ee i 
Tabah and McNeer [6].. J 3 

| 8 


toms. Of the patients operated upon, two ob- 
tained no relief from their symptoms and the 
other two were relieved of their upper ab- 
dominal digestive symptoms. We have not 
removed any true adenomas of the gallbladder. 
We have encountered cases in which the 
radiologist made a preoperative diagnosis of an 
adenoma. In one instance at operation the 
lesion was found to be a mucocele of the gall- 
bladder and the defect produced on the chole- 
cystogram was the result of extrinsic pressure 
on the tip of the fundus from the tightly dis- 
tended mucocele. (Figs. 5 and 6.) 

A study of the eight reported cases in which 
associated carcinoma of the gallbladder and 
papilloma were found is revealing. Table 1 
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lists the authors of the reports and the number 
of cases recorded by each author. In a careful 
analysis of these case reports it is found that in 
two cases carcinoma was found associated with 
papillomas, with no evidence that the carci- 
noma actually arose from a papilloma. In two 
cases invasive carcinoma was described as 
arising from a papilloma. In three cases, all 
from the same authors, a non-invasive car- 
cinoma in situ was described as arising from 
papillomas. In one case report details of the 
microscopic pathology were not included. In 
four of the eight cases of carcinoma, chole- 
lithiasis was also an associated finding. In three 
cases the presence or absence of stones was not 
mentioned. In two cases of the three in which 
carcinoma in situ was described, gallstones were 
present. Cholecystograms were reported in only 
two of the cases. In one case the gallbladder did 
not visualize. In one report, that of a patient 
with carcinoma in situ of the gallbladder, a 
translucent intraluminal shadow was demon- 
strated on cholecystography, which proved to 
be one of several papillomas. To my knowledge 
this is the only case recorded in which a pre- 
operative diagnosis of papilloma of the gall- 
bladder was made, and at operation an appar- 
ent carcinoma of the gallbladder was found 
arising from a papilloma. 

In studying the possible relationship of papil- 
loma of the gallbladder to carcinoma, an 
enumeration of some of the characteristics of 
carcinoma of the gallbladder is revealing: 

1. Carcinoma of the gallbladder almost al- 
ways arises in a gallbladder involved by a mod- 
erate to severe chronic inflammation. 

2. Carcinoma of the gallbladder is associated 
with stones in 70 to go per cent of cases. Most 
surgeons agree that chronic inflammation and 
stones are a factor in the etiology of carcinoma 
of the gallbladder. 

3. The frequency of squamous cell carcinoma 
of the gallbladder is another finding favoring 
chronic irritation due to stones and infection, 
with resultant metaplasia as a factor in the 
production of cancer of the gallbladder. 

4. Since a gallbladder containing carcinoma 
rarely will visualize on cholecystography, the 
possibility of finding an early carcinoma in a 
gallbladder removed with a preoperative diag- 
nosis of papilloma of the gallbladder is remote. 

The foregoing observations which charac- 
terize carcinoma of the gallbladder certainly 
indicate that the presence of-stones and in- 
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flammation are of much greater importance 
than the presence of so-called papillomas as an 
inciting factor in the development of cancer. 

Most patients who are found to have so- 
called papilloma of the gallbladder have symp- 
toms at least suggestive of gallbladder disease 
which prompted the attending physician to 
request a cholecystogram. Thus one must con- 
sider the lesion of the gallbladder as a possible 
cause of the patient’s symptoms. In our 
limited series we have observed relief of symp- 
toms in only half of the patients who underwent 
cholecystectomy for papilloma. In reviewing 
the literature it is found most authors agree 
that in the usual case these tiny lesions do not 
cause symptoms. 


CONCLUSIONS 


1. Small radiolucent intraluminal lesions 
called papillomas can be demonstrated in the 
functioning gallbladder on cholecystography. 
In the presence of stones the lesions are usually 
not noted by the radiologist. 

2. On histologic study of specimens removed, 
most of the so-called papillomas are found to 
be cholesterol polyps and not new growths. In 
a few cases true papillomas or adenomas are 
found. 

3. A study of the literature, and our ex- 
perience with the condition, fails to establish 
that the true papilloma or adenoma of the 
gallbladder is a precancerous lesion. 

4. Papillomas of the gallbladder except in 
rare Instances do not cause symptoms. 

5. The removal of a non-calculus functioning 
gallbladder containing a papilloma in order to 
prevent the possible development of carcinoma 
is not justifiable. 

6. Continued observation of patients with 
papilloma of the gallbladder, including re- 
peated cholecystograms, might contribute to 
our knowledge of the natural history of the 
lesion. 

7. If, during the course of observation, 
changes occur on the cholecystogram indicating 
growth of the lesion, surgery would seem 
advisable. 
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DISCUSSION 


A.tLEN M. Boypben (Portland, Ore.): Most of us, 
I am sure, have been faced with the problem of 
making a decision for or against cholecystectomy 
in the patient presenting a small fixed radiolucency 
within a functioning gallbladder. This lesion— 
whether a true papilloma, adenoma or cholesterol 
polyp—is most probably asymptomatic. Certainly 
its relationship to malignancy remains unproved. 
During the last six years our radiologists at The 
Portland Clinic have found such shadows in the 
cholecystograms of forty-nine patients. Eight of 
these have been operated on. In no case was there 
any evidence of malignancy. Three patients had 
true papillomas, three had cholesterol polyps, one 
had an adenomyoma and one proved to have a 
solitary stone. 

It would seem to me that strong recommendation 
for operation is not justified. I believe that the pa- 
tient should be advised of the finding as well as of 
the dilemma as to treatment and that he should aid 
in making the final decision. A reasonable answer 
might well be periodic cholecystograms to deter- 
mine any progression of the lesion or alteration in 
function of the gallbladder, with operation post- 
poned until such change occurs. Were I the patient, 
I would accept the possible risk in such a program 
rather than the risks of cholecystectomy in the 
absence of other indications for operation. 

I wish to commend Dr. Schnug for re-emphasiz- 
ing this problem and for his thoughtful comments 
and conservative attitude toward the treatment of 
these lesions. 

Henry N. Harkins (Seattle, Wash.): I wish to 
show the x-ray films of one patient upon whom 
I operated sixteen years ago, just to show that 
even at that time the x-ray man, even if not the 


surgeon, could make the diagnosis, and to show 
again what Dr. Schnug emphasized—the postural 
effect.* The first slide shows two negative shadows 
in a visualized gallbladder which might easily be 
considered as gallstones. Here are two papillomas 
of the gallbladder; the patient was recumbent. 

In this view the two shadows have not moved, 
lending suspicion to the diagnosis of papillomas 
rather than stones. With the next slide we see with 
the patient erect one of the shadows is still near 
the tip but this shadow is up here; and if the mass 
were a stone, it would not be floating in that way. 
This patient, aged fifty-two, I might say did have 
her symptoms disappear after operation. 

Regarding the association between cancer of the 
gallbladder and papilloma, Dr. John Jesseph, 
Dr. T. T. White and I reported thirty-eight cases 
of carcinoma of the gallbladder, which cases in- 
cluded one five-year arrest or cure. Goni-Moreno 
of Buenos Aires reported forty-four cases of car- 
cinoma of the gallbladder also with one five-year 
arrest. In each of these two series it was of interest 
that the one case with the five-year arrest was a 
case in which the finding of carcinoma of the gall- 
bladder at operation was inadvertent and unex- 
pected. However, it is disappointing that I cannot 
promulgate the thesis that this had something to 
do with papillomas, because neither of these two 
cases was involved with papillomas. The diagnosis 
in each case was chronic cholecystitis and chole- 
lithiasis, and in each a carcinoma was found in- 
advertently but no papilloma. 

HerBert Witty Meyer (Rancho Santa Fe, 
Calif.): There are two reasons that I am grateful 
to have heard Dr. Schnug’s beautiful paper and 
nice presentation of this somewhat unusual but 
interesting subject. 

Last March, in New York, I operated upon a 
patient who had been followed up by her internist 
very carefully and a diagnosis of a polyp of the 
gallbladder had been made. On consultation be- 
tween the internist and Dr. Robert Wiley of the 
Columbia Medical Center, New York, it was 
decided that the gallbladder was to be removed. I 
believe that the indications in these cases, as Dr. 
Boyden and Dr. Schnug have brought out, are 
the same as with a patient in whom one accidentally 
finds stones in the gallbladder on x-ray but without 
severe symptoms. If the patient is a good surgical 
risk, and if the surgeon and the internist who has 
been observing the patient believe that removal of 
the gallbladder is indicated, I believe it is definitely 
wise to remove it. In my patient the lesion turned 
out to be a true adenoma of the gallbladder. 

I am grateful to Dr. Schnug for a second reason, 
and that is that it gives me the opportunity to 
thank the Association for the privilege of attending 
these wonderful meetings with the splendid pro- 


* Dr. Harkins illustrated his discussion with slides. 
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grams. I have benefited from every paper and the 
interesting discussions. Referring to Dr. Boyden’s 
discussion, | wish to state that my gallbladder is 
out, and | have enjoyed the meeting thoroughly. 
G. Epwarp Scunuc (closing): With regard to 
Dr. Boyden’s statement as to the indication for 
removal of the gallbladder containing papilloma, 
| think the answer for Dr. Boyden’s patient would 
be the same as it is for Dr. Boyden. If it is good 
enough for him, it should be good enough for his 
patient. If he is going to keep his papilloma of the 
gallbladder, maybe the patient should also keep his. 
| think that Dr. Harkins has brought out a very 
significant point, that is, the very considerable 
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lack of success we have had in treating carcinoma 
of the gallbladder. If it could be established that 
a papilloma is a premalignant lesion, we certainly 
would be accomplishing something by removing the 
lesion before it became carcinomatous. However, 
I do feel quite strongly after making this study that 
there is very little evidence that these lesions do 
become malignant. 

I wish to thank Dr. Meyer for his comment. | 
think that it is advisable at times to take the advice 
of an internist, but usually their advice is the 
opposite to the advice that Dr. Meyer had in his 
case, that is, they are somewhat less prone to 
advise operation than we surgeons are. 
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Congenital Splenic Cysts 


James W. MarrtINn, M.D., Sacramento, California 


COMPREHENSIVE collective review of 137 
A non-parasitic splenic cysts was presented 
by Fowler in 1940 [6]. Since then additional 
cases have been added, largely one at a time, 
so that the total number of cases reported now 
exceeds 190. 

I had an opportunity to examine and treat 
two children with splenic cysts within a nine- 
month period. The first patient was carefully 
studied but the correct diagnosis was not 
seriously considered. In the second case, how- 
ever, the diagnosis of splenic cyst was made 
before operation. It is my intent in this paper 
to discuss and illustrate those clinical and 
roentgenologic features which may lead to the 
correct preoperative diagnosis of splenic cyst. 


CASE REPORTS 


The first patient was a twelve year old girl ad- 
mitted to the hospital on July 31, 1955 because of 
a mass in the left flank. The family history was 
entirely negative. The child had not been ill except 
for communicable childhood diseases. The present 
illness began about six weeks prior to entry with 
the development of a painless mass in the left 
upper quadrant of the abdomen, noted by the 
mother. There had been no injury of sufficient 
magnitude for either the patient or the family to 
remember it. A system review was entirely nega- 
tive. Physical examination showed a well devel- 
oped, well nourished, normal appearing school 
girl. There were no skin discolorations or petechiae 
and no glandular enlargement. Examination of the 
ears, eyes, nose and throat was negative. The chest 
was clear to percussion and auscultation. Heart 
sounds were clear and there were no murmurs. 
Blood pressure was 130/80 mm. Hg. 

The left upper quadrant of the abdomen was 
full and protuberant and the lower rib cage bulged 
because of a large, firm mass which presented more 
anteriorly than in the flank or posteriorly. The 
mass extended to the midline and was slightly 
movable. There was no tenderness. The extrem- 
ities were normal. 
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Laboratory tests showed the following: hemo- 
globin, 13.8 gm. per cent (89 per cent) with 4.75 
million red blood cells per cu. mm.; leukocyte 
count, 6,350 per cu. mm., polymorphonuclear 
leukocytes 70, segmented neutrophils 55, banded 
neutrophils 15, eosinophils 5, basophils 1, lympho- 
cytes 22, and monocytes 2. Coagulation time was 
four minutes; bleeding time, three minutes. Test 
of the urine was entirely negative. Non-protein 
nitrogen was 28.8 mg. per cent. Urea nitrogen was 
13.0 mg. per cent. Culture of the urine of the left 
kidney was negative at forty-eight hours. 

The upper gastrointestinal series showed a nor- 
mal stomach which was displaced to the right of 
the lumbar spine and somewhat downward. (Fig. 
1.) The intravenous pyelogram showed marked 
downward displacement of the left kidney with 
some rotation posteriorly. A retrograde pyelogram 
further confirmed the alteration in the position of 
the left kidney and revealed the intrinsic structure 
of the kidney to be intact. (Fig. 2.) Barium enema 
showed a normal appearing large bowel with 
caudad and anterior displacement of the splenic 
flexure by the large upper quadrant mass. 

On August 4, 1955, exploratory laparotomy was 
carried out through a left upper abdominal incision, 
which was later extended into the seventh inter- 
costal space. Immediately upon entering the peri- 
toneal cavity, a huge, balloon-like, cystic mass was 
encountered which occupied the entire left upper 
quadrant, extended into the left lower quadrant, 
and crossed the midline into the right upper 
quadrant. The spleen could not be palpated because 
of the huge size of the mass. The bowel appeared 
normal to inspection. A No. 20 gauge needle was 
placed into the cyst and slightly turbid, greenish 
fluid was aspirated. Altogether, 3,020 cc. of green- 
ish, turbid fluid were removed. When the sac had 
been completely aspirated, the relationships to 
the surrounding structures could be more easily 
identified. The cyst arose from the upper pole of 
the spleen and appeared to be adherent to it. The 
upper portion of the cyst was attached to the 
underside of the diaphragm by multiple adhesions 
and extended to the right side to include the edge 
of the left lobe of the liver and the falciform liga- 
ment. The spleen was somewhat enlarged and 
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Fic. 1. Upper gastrointestinal series showing displace- 
ment of stomach due to large mass in left upper quad- 
rant of the abdomen. 


Fic, 3. Case 1. Spleen and cyst photographed after infla- 
tion of cyst with water. 


elongated. When the cyst had been completely 
mobilized, splenectomy was performed, including 
the collapsed cyst. (Fig. 3.) 
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Fic. 2. Retrograde pyelogram showing downward dis- 
placement of the left kidney. 


Fic. 4. Photomicrograph showing cuboidal lining of 
cyst wall. 


The pathologic report described the presence 
of flattened and cuboidal lining cells outside of 
which there was an organized layer of dense fibrous 
connective tissue. It was concluded that this was 
a large cyst of the spleen, probably of the con- 
genital type. (Fig. 4.) 

The patient had a satisfactory postoperative 
course and was dismissed from the hospital on the 
tenth day. The last follow-up examination. in 
March, 1956 showed no further difficulties. 
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Fic. 5. Case 11. Photograph showing flaring of left lower 
rib cage. 


The second case was that of a seven year old 
Latin-American child who was admitted to the 
hospital on March 6, 1956, because her “‘stomach” 
had become larger in the past few months. The 
patient’s family indicated that the child had 
always had an excessive number of upper respira- 
tory infections and large lymph glands in the neck. 
Tonsillectomy in 1954 did not materially alter the 
recurrence of swollen glands. About six weeks prior 
to admission the patient’s mother had noted the 
development of a painless mass in the left upper 
quadrant of the abdomen. There was no significant 
history of trauma. The patient had no bleeding 
tendencies. The system review was otherwise 
negative. Physical examination showed a well 
developed, well nourished seven year old school 
girl. Examination of the eyes, ears, nose and throat 
was negative. The chest was clear to percussion 
and auscultation. Heart rhythm was regular, and 
there were no murmurs. Blood pressure was 106/76 
mm. Hg. 

There was a large non-tender mass in the left 
upper quadrant which extended well below the 
costal margin. Percussion over the mass produced 
a definite fluid wave. The left lower costal margin 
flared outward, and there was widening of the 
intercostal space. (Fig. 5.) The extremities were 
normal as were the reflexes. 

Laboratory work showed the following: hemo- 
globin, 11.9 gm. per cent (76 per cent); red blood 
cells, 3.8 million per cu. mm.; leukocyte count, 
10,300 per cu. mm., polymorphonuclear leukocytes 
68, eosinophils 10, basophils 1, lymphocytes 18, 
and monocytes 3. Coagulation time was five 
minutes; bleeding time was two minutes. 

A plain film of the abdomen showed a large mass 
in the left upper quadrant with a calcific density 
near the center. The mass displaced the stomach 
to the right, and the splenic flexure downward. An 


intravenous pyelogram showed normal renal archi- 
tecture with displacement of the left kidney 
inferiorly. 

With a tentative diagnosis of splenic cyst, oper- 
ation was undertaken on March 12, 1956 through 
a left subcostal incision. A large fluid-filled cystic 
mass occupied the entire left upper quadrant. This 
mass formed the anterior and upper portion of the 
spleen and was intimately bound to it. A needle 
was placed into the cyst and approximately 1,100 
cc. of reddish thin fluid obtained. Following evacu- 
ation of the cyst, the peripheral attachments were 
easily seen. These were freed as in the previous 
case, and the spleen was then removed along with 
the collapsed cyst. (Figs. 6 and 7.) 

The pathologic report stated that the cyst was 
lined by a flattened layer of cells having the appear- 
ance of mesothelial cells but in some areas there 
were stratified polygonal shaped cells. Dense con- 
nective tissue was noted in the wall. There were 
several areas of degeneration and calcification 
within the wall. (Fig. 8.) 

The postoperative course was complicated by 
moderate abdominal distention which lasted about 
two days. The patient was dismissed on the eighth 
postoperative day and has remained well since 
that time. 


COMMENTS 


A consideration of the origin of splenic cysts 
necessarily provokes some comment regarding 
the different varieties of cysts that are seen. 
Fowler’s [4] classification is excellent and 
widely accepted but is too detailed for average 
clinical memory. A workable clinical classifica- 
tion should include the following: 


1. Primary (or true) cysts—with true cellular 
lining 
A. Parasitic 
B. Non-parasitic 
I. congenital 
2. neoplastic 
11. Secondary (or false) cysts—without true 
cellular lining 


The major distinction between true and 
false cysts is the presence or absence of a true 
cellular lining of the cyst wall. 

Parasitic cysts are almost exclusively due to 
echinococcus and are said to be found twice as 
frequently as the non-parasitic variety based 
on a world-wide survey made by Fowler in 
1924 [5]. A review of current literature shows 
that echinococcus cysts of the spleen are ex- 
ceedingly rare in this country. Most reports of 
hydatid disease stem from South America, 
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Fic. 6. Case 1. Photograph of specimen after inflation of cyst with water. 


Fic. 7. Case 1. Photograph of specimen after inflation of cyst with water. 


Greece and Australia, and are concerned pri- 
marily with its occurrence in the liver and lungs. 

Congenital non-parasitic cysts of the spleen 
are said to constitute less than 10 per cent of 
the total. It is my opinion that both of the 
cases previously cited would fall into this cate- 
gory since the cysts in both instances had valid 
cellular linings and were present in young 
individuals. 

There are at least three theories which 
attempt to explain the origin of congenital 
cysts. Pepere [12A] advanced the reasonable 
assumption that cysts are formed from collec- 
tions of peritoneal endothelial cells which are 
trapped in the splenic sulci as the primitive 
lobes of the spleen coalesce to form the defini- 
tive organ. Frank [6A] concluded these cysts 
begin as a dilatation of normal lymph spaces. 
Beneke [2A] developed the thought that sur- 
face cysts arise from the infolding of peritoneal 
endothelium following rupture of the splenic 
capsule thus implying that trauma was the 
precipitating factor. 

Neoplastic cysts of the spleen include der- 
moid and epidermoid cysts, lymphangiomas, 
and cavernous angiomas, all of which have been 
reported. 

Secondary or false cysts are said to con- 
stitute over 75 per cent of all non-parasitic 
cysts of the spleen and trauma is often cited as 
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Fic. 8. Il. cyst wall 
lining. 


an important factor in their development. The 
current thinking on the matter suggests the 
following course of events: (1) Direct trauma 
to the left upper quadrant of the abdomen 
with laceration of the splenic capsule and 
vessels; (2) hemorrhage; (3) encapsulation of 
the hematoma; (4) absorption of the blood; 
and (5) persistence of a false cyst wall. This 
mechanism would appear to be analogous to 
the usual concept of the formation of a sub- 
dural hematoma. 

Cysts of the spleen occur somewhat more 
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frequently in females. The age incidence is 
greatest from ten to fifty years with only 
10 per cent found under the age of ten years. 
The cysts may be single or multiple, and may 
be uni- or multilocular. The contents of the 
cysts vary from clear serous material to shades 
of brown and green. Disturbances of splenic 
function, with reference to blood formation 
and clotting processes, are not generally seen. 

Symptoms related to splenic cysts depend 
primarily on the presence of a large, space- 
occupying mass. Small cysts are usually silent. 
Vague epigastric or digestive distress, dyspnea 
and constipation have all been reported but by 
and large the matter comes to light when the 
patient or, as in these cases, the parents notice 
a painless progressive enlargement of the 
abdomen. 

The actual diagnosis of a splenic cyst in- 
volves the differential diagnosis of a mass in 
the left upper quadrant, and consists of both 
positive and negative evidence. On the negative 
side, appropriate diagnostic x-ray procedures 
should eliminate the kidney, stomach, colon 
and probably the retroperitoneal area as con- 
siderations. Physical examination provides posi- 
tive evidence needed to suspect a splenic cyst 
when there is: (1) a palpable mass in the left 
upper quadrant; (2) flaring of the left lower 
rib cage with widening of the intercostal spaces; 
(3) the presence of a fluid wave on percussion 
over the mass. When the diagnosis of splenic 
cyst is seriously considered, it is desirable to do 
a skin test for echinococcus, particularly in 
adults who have come from known endemic 
areas. 

Historically, the treatment of splenic cysts 
has run the gamut of surgical technic. Punc- 
ture, incision and drainage, excision and mar- 
supialization have all been recommended and 
discarded. Splenectomy with removal of the 
cyst is certainly the procedure of choice at the 
present time. In both cases reported herein, the 
cyst was deflated prior to excision. This appears 
to me to be extremely helpful from the technical 
standpoint since the adjacent structures can 
then be visualized after the cyst is collapsed, 
and it would not appear to add any additional 
hazard provided reasonable care is used at the 
time of aspiration. The one exception to this 
would be an echinococcus cyst which should not 
be opened because of possible dissemination. 

The type of incision best suited for this prob- 
lem will vary with the operator. Either a sub- 
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costal or combined thoracoabdominal incision 
provides adequate exposure. 


CONCLUSIONS 


1. Two additional cases of non-parasitic 
cysts in children are presented. 

2. For clinical purposes, splenic cysts may 
be classified as follows: (1) Primary (or true) 
cysts—with true cellular lining. These encom- 
pass parasitic and non-parasitic types, the 
latter including congenital and neoplastic cysts. 


(2) Secondary (or false) cysts—without true 
cellular lining. 


3. The diagnosis of a splenic cyst can be 
highly suspected when there is a left upper 
quadrant mass which: produces flaring of the 
left lower rib cage; has a fluid wave on percus- 
sion; does not involve adjacent viscera (gastro- 
intestinal series, pyelogram). 

4. Treatment of choice is splenectomy. 

5. Aspiration of the cyst contents prior to 
splenectomy in a non-parasitic cyst may assist 
materially in mobilizing the spleen. 

6. Abdominal or combined abdominotho- 


racic approach offers a suitable exposure for 
splenectomy. 
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DISCUSSION 


Leonarp G. Dosson (San Francisco, Calif.): 
About 80 per cent of splenic cysts are called false 
cysts. It is interesting to speculate regarding the 
etiology of these cysts. A definite history of trauma 
can be obtained in most cases. The walls of many 
of these cysts are calcified, a condition commonly 
seer in old hematomas. 

In 1950 I presented a paper before this Society 
on the subject “Rupture of the Spleen with Par- 
ticular Reference to Delayed Hemorrhage.” In 
several of the cases reported patients had had a 
rupture of the spleen from slight trauma. One baby 
died of a ruptured spleen from injury during birth. 
There must be many cases in which the spleen has 
been contused or slightly lacerated, the hemorrhage 
stops and the patient is not operated upon. The 
bleeding may be controlled locally by pressure 
within the hematoma or by tamponade from 
omentum or other adjacent structures.* The hema- 
toma may become encapsulated, then liquefied, 
and the blood absorbed, leaving a cyst wall. It also 
seems possible for the cyst wall to become lined, 
at least in part, by endothelial cells which grow in 
from vessels or from parietal or visceral peri- 
toneum. Several authors have explained the later 
enlargement of the cyst as being similar to the 
increase in size and pressure in a chronic subdural 
hematoma. 

In addition to the cases of rupture of the spleen 
from slight trauma, seventy-one cases of “‘spon- 
taneous rupture of the normal spleen,” have been 
reported. So it is not unlikely that practically all 
splenic cysts except those due to parasites or neo- 
plasms could arise from trauma which may not be 
recognized at the time or forgotten. 

Dr. Martin’s second case could have resulted 
from trauma. The girl could have had an injury at 
birth or as a baby. The sequence of events could 
have been as outlined earlier. 


* Dr. Dobson illustrated his discussion with slides. 
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Dr. Martin has clearly outlined the signs and 
symptoms of splenic cysts. On the basis of these” 
signs and symptoms, he was able to make the cor- 
rect diagnosis preoperatively in the second case. 
The x-ray findings are very similar to those of a 
ruptured spleen. The elevation of the left dia- 
phragm, the displacement of the stomach to the 
right, the enlarged splenic shadow, serrations of 
the greater curvature of the stomach, and down- 
ward displacement of the colon are conditions 
which are noted in splenic cysts as well as acute 
rupture. 

I could find but six splenic cysts listed in the 
files of the Stanford Pathology Department. 

Dr. Martin has made a very worthwhile con- 
tribution in reporting these cases and summarizing 
the present knowledge on this subject. 

Bert L. Hatrer (San Francisco, Calif.): Gen- 
eral Heaton has asked me if I would not give these 
few remarks. He states that cysts of the spleen are 
indeed a rare condition. It is more often a con- 
dition than a disease. Among the more than 800,000 
accessions of the Armed Forces Institute of Pa- 
thology at Walter Reed Army Medical Center, the 
diagnosis of cyst of the spleen has been recorded in 
102 cases. In seventy-six of these cases the diagno- 
sis was postmortem and in twenty-six of the cases 
diagnosis of cyst of the spleen was made at surgery. 

Most of the cysts were considered to be con- 
genital. Five were classified as traumatic and two 
as hemorrhagic. There was one echinococcus cyst. 

Of the congenital cysts, one was cartilaginous 
and one was calcified. In twenty-seven cases there 
were multiple cysts. 

Any conclusions concerning the diagnostic prob- 
lems presented by splenic cysts must await a more 
thorough analysis of these data but it is safe to 
say that more often than not the condition goes 
harmlessly unnoticed. 

Vicror Ricuarps (San Francisco, Calif.): We 
have seen three cases of splenic cyst. Each one had 
a little lesson I thought we might all benefit by. 
The first was a very straightforward case of a 
woman with a palpable mass in the left upper 
quadrant of the abdomen. The x-ray film showed 
calcifications in the left upper quadrant, and clin- 
ically and radiologically a diagnosis of splenic cyst 
was made. There was no problem with this one, 
and operation was performed readily through an 
abdominal incision.* The calcified wall was visible 
on the x-ray film. The cyst was contained within 
the spleen. The cyst was somewhat multilocular 
and conceivably could have been traumatic. The 
lining was typical of the type that Dr. Martin 
showed. 

The patient in the second case was perfectly 
well. He entered the hospital and had an x-ray 


* Dr. Richards illustrated his discussion with slides. 
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film of his abdomen taken incidentally. A large 
mass was present in the left upper quadrant. 

The x-ray films showed that the mass was situ- 
ated posteriorly and was displacing the kidney, so 
that the question came up, “Is this urological 
disease or is it abdominal disease?” In an effort to 
settle this and decide in which service the patient 
should be operated upon, it was decided that we 
should make presacral air studies. These were made 
and on the retroperitoneal air film this mass showed 
up beautifully as a retroperitoneal tumor. The 
urologists were about to operate on this patient 
when they asked some of us to see him in consulta- 
tion. The comment was, “ Regardless of what this 
is, it is big enough that the best approach to it is 
the thoracoabdominal approach.” I am sure that 
there are two points which can be learned. One, 
presacral air studies are in general not required for 
this diagnosis, and two, in the larger tumors the 
thoracoabdominal approach makes extremely easy 
an operation which would be otherwise very difficult. 

The third case we saw was again that of a patient 
with a calcified mass in the left upper quadrant of 
the abdomen. Again there was no significant dis- 
placement of the kidney. We were quite sure that 
this represented a splenic cyst. 
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This patient was operated upon through an 
abdominal incision, and at operation the mass 
proved to be a cyst in the liver, of the echinococcus 
type. 

I believe one must be careful with calcifications 
in the left upper quadrant that one is not dealing 
with echinococcus disease, because it may alter the 
approach to the operation. Incidentally, in this 
case we suspected it. The man was an Italian 
who had been around dogs and had taken care of 
sheep so that we were prepared for it. 

James W. Martin (closing): It is often difficult 
to get a history of trauma, and as you noticed, in 
the two cases reported upon there was no available 
history of significant trauma. As Dr. Dobson 
pointed out, trauma is regarded as the important 
factor at least half of the time in the development 
of secondary or false cysts. 

Regarding Dr. Heaton’s and Dr. Halter’s com- 
ments, as one might suspect when a fairly rare 
topic is discussed, there are a good many other 
cases that are not reported. It is still a pretty rare 
entity, however, if 800,000 entries in the Armed 
Forces Institute of Pathology files were examined 
in order to pick up 102 cases of splenic cysts of all 


kinds. 


Stomal or Small Bowel Obstruction Following 
Partial Gastrectomy 


REPORT OF THIRTY CASES 


RiIcHARD HIBNER, M.D. AND VICTOR RICHARDS, M.D., San Francisco, California 


From the Department of Surgery, Stanford University 
School of Medicine, San Francisco, California. 
peers stomal obstruction or high 
small bowel obstruction following partial or 
subtotal gastrectomy is a complication dreaded 
by the surgeon and the patient alike. It is 
serious and usually necessitates the discomfort 


TABLE I 
PARTIAL GASTRECTOMIES PERFORMED AT STANFORD 
UNIVERSITY HOSPITAL, 1946-1957 


Type of Resection No. of Cases 
Billroth 11 (modifications): 

Anterior (antecolic)............... 245 
Posterior (retrocolic).............. 259 
Total No. of cases............... 648 


tion, for an incidence of 4.63 per cent. This 
report will primarily be concerned with an 
analysis of these thirty cases. For purposes of 
discussion the various modifications of the 
Billroth 11 type of partial gastrectomy have 
also been listed as anterior (antecolic) or 
posterior (retrocolic) resection. 


TABLE 1 
TYPES OF RESECTION 
No. of 
Type ici Per cent 
Polya (g posterior, 3 anterior)... .. 12 40 
Hofmeister-Finsterer (4 posterior, 

Nagel-Zollinger (2 posterior, 1 ante- 


of prolonged nasogastric intubation and suction 
for several days. If nasogastric suction is un- 
successful, exploratory laparotomy follows, 
leading to prolonged hospitalization and finan- 
cial loss to the patient and his family. More 
unfortunately, death may follow this compli- 
cation in some instances. 

During the last eleven years (January, 1946 
to January, 1957) at Stanford University Hos- 
pital there have been 648 partial or subtotal 
gastrectomies performed on the clinic and 
private surgical services. This includes 144 cases 
of Billroth 1 type of resection and 504 cases of 
modified Billroth 1 types of resections. (Table 
1.) During this period there have been thirty 
cases of stomal or small bowel obstruction that 
required further operation or surgical explora- 


Included in the thirty cases requiring further 
surgery for obstruction there were four prin- 
cipal types of subtotal gastrectomies per- 
formed. These were Billroth 1 and modifications 
of the Billroth 1 technics which included the 
Polya, Hofmeister-Finsterer and Nagel-Zol- 
linger operations. Forty per cent of the thirty 
patients included in this series had Polya type 
gastric resections, 33 per cent had the Hof- 
meister-Finsterer type gastric resection, 17 per 
cent had the Billroth 1 type resection and 
10 per cent had the Nagel-Zollinger type of 
resection. (Table 11.) Of the thirty patients, 
fifteen had posterior (retrocolic) gastrojejunos- 
tomies, ten had anterior (antecolic) gastro- 
jejunostomies and five had a Billroth 1 type 
of anastomosis. 
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The incidence of obstruction between the 
Billroth 1 type of subtotal gastric resection and 
the anterior and posterior Billroth 1 modifica- 
tions is shown in Table m1. There was a 3.47 per 
cent incidence of stomal obstruction found in 
the 144 Billroth 1 type of resections. This com- 


TABLE III 
INCIDENCE OF OBSTRUCTION 


No. of | Per | No. Ob-| Per 


| Cases | cent | structed| cent 


Type of Resection 


| 144 | 22.2 | 5 | 3.47 
245 | 37.8| 10 | 4.08 


| 259 | 40.0 | 15 5.79 


Private Patients (420) 


ves. 3 
| | 
| | 
| 


Clinic Patients (228) 


| | | 3 


| 


pares favorably with a 3.7 per cent incidence of 
gastric retention or stomal obstruction as re- 
ported by Wallensten and Gothman [1], who 
reviewed 386 cases of Billroth 1 type gastric 
resections. 

There was a 4.08 per cent incidence of stomal 
or small bowel obstruction in the 245 cases of 
anterior (antecolic) type of Billroth 11 resection. 
This compares with the 2.5 per cent incidence 
of obstruction reported hy Warren [2] in 120 
cases of antecolic resection and the 2.3 per cent 
incidence reported by Mimpriss and Birt [3] 
in 130 cases of antecolic resection. 

There was a 5.79 per cent incidence of stomal 
or small bowel obstruction among the 259 pa- 
tients with the posterior (retrocolic) type of 
Billroth 1 resection. Martin et al. [4], in a 
review of 520 cases of partial gastrectomy, 
reported an incidence of 1.2 per cent of early 
stomal obstruction in the retrocolic type of 
anastomosis. None of these patients required 
surgery. However, they had five patients in 
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their series with late small bowel obstruction 
for an over-all incidence of 2.9 per cent. Roth 
et al. [5], in a review of 100 cases of Billroth 1 
types of subtotal gastric resections, reported 
eight patients with efferent loop stasis and 
three patients with afferent loop stasis. None 


TABLE Iv 
CHIEF COMPLAINTS OR MAJOR SYMPTOMS 
Per | 
Complaint or Symptom pitas No. of Patients 
Epigastric pain.......... 80 | 24 (history of pain 
| varied from 3 
| wk. to 15 yr.) 

Nausea and vomiting..... 40 | 12 

27. | 8 (2 bled on 4 dif- 

| ferent occasions, 

| 1 bled on 3 dif- 

| ferent occasions 
2 bled on 2 dif- 
ferent occasions, 
3 bled on 1 occa- 
sion) 

Pyloric obstruction....... 17 5 (demonstrated 
on upper gastro- 
intestinal series) 

Epigastric discomfort... .. 13 4 

7 2 

Weight loss............. 3 I 


of these patients required surgery, however, 
and all obstruction subsided spontaneously in 
three to six months after onset of symptoms. 
Whether or not further surgery is performed on 
these patients with stomal or small bowel ob- 
struction following gastrectomy depends not 
only on the severity of the obstruction and the 
physical and electrolytic status of the patient 
after days or weeks of gastric suction, but also 
on the patience of both the surgeon and the 
patient. 

In this series of 648 partial gastrectomies, 420 
of the patients were operated upon by staff 
or private surgeons, while 228 of the patients 
were operated upon by the resident surgeons 
on the clinic service. (Table 111.) There was a 
4.5 per cent incidence of obstruction of stoma 
or small bowel requiring further surgery (seven- 
teen of the 420 patients) in the private group, 
and a 5.7 per cent incidence of obstruction to 
stoma or small bowel requiring further surgery 
(thirteen of the 228 patients) in the clinic 
group. The difference, although small, is sig- 
nificant and probably reflects the value of 
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surgical experience and judgment in the operat- 
ing room in lessening the incidence of this 
complication. 

In this series of thirty patients upon whom 
further surgery was required because of ob- 
struction, the age of the patients ranged from 


Fic. 1. Billroth 1, four cases. Omentum obstructing 
anastomosis. 


twenty-eight years to seventy-six years, the 
average age being fifty-four years. Twenty- 
three (76.7 per cent) of the patients were males 
with an average age of fifty-five years. Seven 
(23.3 per cent) of the patients were females 
with an average age of fifty years. The major 
complaints of these patients or the chief 
reasons for the primary gastrectomy are listed 
in Table tv. 

The number of days postoperatively when 
symptoms of obstruction appeared varied not 
only among the types of resection performed 
but also within that particular type of resection. 
(Fig. 1.) Among the five Billroth 1 partial 
gastrectomies, four patients had an early onset 
of symptoms of obstruction with the time vary- 
ing from one to four days, the average time 
being three days. One of the patients with Bill- 
roth 1 resection had the late onset of obstructive 
symptoms occurring three years and seven 
months after resection. (This patient originally 
had cancer of the stomach, but no recurrences 
were found.) 

Among the anterior resections the appearance 
of obstructive symptoms varied from four days 
to fifteen and a half months. (Figs. 2 to 4.) Of 
the fourteen patients (ten with original anterior 
resections plus four converted from a posterior 
type of anastomosis), ten had early onset of 
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symptoms with the average time being nine 
days. The four patients with late onset of 
symptoms averaged 358 days after resection. 
No patients with anterior anastomosis had an 
onset of symptoms less than three days after 
gastric resection. 


Fic. 2. Hofmeister-Finsterer, anterior, four cases. 


Omentum encircling anastomosis. 


Fic. 3. Polya, anterior, two cases. Adhesions kinking 
distal loop at anastomosis on greater curvature. 


Among the posterior resections the onset of 
obstructive symptoms varied from two days to 
twenty-nine months. (Figs. 5 to 7.) Of the 
seventeen patients (fifteen original posterior 
type anastomosis plus two converted from 
anterior type anastomosis), sixteen had an 
early onset of symptoms with the average time 
being eight days. One patient with a posterior 
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type anastomosis had the onset of symptoms 
two years and five months after resection. 
Except for the Billroth 1 type resections 
which had the early onset of symptoms (with 
one notable exception) there was no significant 
difference in the time for the onset of obstruc- 


Fic. 4. Polya, anterior, one case. Kinking of distal loop 
at lesser curvature. 


tive symptoms of anterior as compared to 
posterior type anastomosis or among the Polya, 
Hofmeister-Finsterer and Nagel-Zollinger type 
of partial gastric resection. 

Concerning the symptoms of stomal or high 
small bowel obstruction following partial gas- 
trectomy all thirty patients had nausea and 
vomiting. Other prominent symptoms were ab- 
dominal distention, abdominal cramping pain 
and hiccoughs. None of the patients with Bill- 
roth 1 type anastomosis had bile-colored vomi- 
tus, and there was no significant differentiation 
of symptoms between anterior and posterior 
resections. 

All thirty patients in this series had the sus- 
pected diagnosis of stomal or loop obstruction 
confirmed by the swallowing of a thin mixture 
of barium. 

Various mechanical causes of stomal or loop 
obstruction have been found by many in- 
vestigators in recent years. Smith and Overman 


[6], Reiner [7] and Stammers [8] in recent ex- 


cellent articles have mentioned many causes of 
mechanical obstruction such as: (1) acute pan- 
creatitis; (2) anastomotic leakage; (3) too small 
a stoma with secondary inflammation; (4) re- 
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traction of line of anastomosis through the 
transverse mesocolon; (5) rigid and _ short 
mesocolon which fails to stretch with the filling 
of the stomach and thereby causes too short a 
proximal loop; (6) retrograde intussusception 
of jejunum; (7) pressure on middle colic 


Fic. 5. Polya, posterior, six cases. Transverse mesocolon 
kinking both loops. 


artery; (8) too short a proximal loop; (g) rota- 
tion of jejunum on its long axis; (10) heavy 
obese omentum in an anterior resection; (11) 
heavy obese transverse mesocolon in a posterior 
resection; (12) tension band formed by jejunal 
mesentery obstructing proximal loop in a high 
resection with twisted jejunal mesentery; (13) 
herniation of small bowel through inadequately 
sutured rent in transverse mesocolon; (14) 
acute angulation at proximal stoma in Polya 
anastomosis which increases when dependent 
loop fills with bile; (15) rotation of proximal 
limb to left under distal limb in long Joop ante- 
rior gastrojejunostomy; (16) internal hernia in 
which long afferent loops do not allow enough 
retroanastomotic gap to allow herniated loop 
of gut to slip out again; and (17) retrocolic 
anastomosis through too short a transverse 
mesocolon. 

Edema at the site of the anastomosis has 
been incriminated by many authors as the 
primary reason for gastric stasis and delayed 
emptying. Various causes for the edema have 
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been brought forth such as: (1) low total serum 
protein; (2) inflammatory reaction at the suture 
line; (3) low intracellular potassium ion con- 
centration; (4) incomplete hemostasis; and 
(5) too many suture layers. 

Barden et al. [9] in 1937 caused delayed 


Fic. 6. Polya, posterior, four cases. Transverse meso- 
colon kinking anastomosis. 


gastric emptying times in dogs who had partial 
gastrectomies by inducing hypoproteinemia. 
However, Chauncey and Gray [10] found that 
the concentration of serum protein actually in- 
creased from the seventh to the thirteenth 
postoperative day while the degree of post- 
operative gastric retention increased. They 
also found that hypoproteinemia occurred in 
patients in whom postoperative gastric reten- 
tion did not occur. They concluded that should 
proteins become so low or depleted that gener- 
alized edema occurs, stomal narrowing with 
gastric retention might occur, but the occur- 
rence of hypoproteinemia in the average patient 
experiencing postoperative retention or ob- 
struction is coincidental. 

Eleven of the thirty patients in this series 
had total serum proteins measured during the 
postoperative period before obstruction began, 
and seven of the eleven patients had serum pro- 
teins below the normal level. They ranged from 
4.5 to 5.7 gm. per cent. None of these patients 
with hypoproteinemia had generalized edema, 
but four of the seven with low values had ob- 
struction due to an edematous obese omentum 
or transverse mesocolon. However, three pa- 
tients with hypoproteinemia had obstruction 
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not due to an edematous omentum or mesen- 
tery, but due to adhesions. 

Roberts [11] emphasizes low intracellular 
potassium as being one of the chief reasons for 
stomal edema at the gastrojejunal anastomosis. 
During the first four days after surgery the 


Fic. 7. Polya, posterior, three cases. Adhesions kinking 
distal loop at anastomosis on greater curvature. 


adrenal cortical hormone produces potassium 
loss and sodium retention. The kidney seems 
unable to conserve potassium. If a plasma po- 
tassium concentration is lower than 4 mEq./L., 
if acidity outside the cell is increased or if there 
is excessive NaHCO; in the plasma causing 
alkalosis, the potassium ion will leave the cells 
for the extracellular fluid compartment and will 
be replaced by sodium. This abnormal amount 
of sodium in the cell may prevent sodium from 
being excreted plus, if the parenteral intake is 
limited to saline, excess water may be retained, 
as well as an adynamic ileus occurring from 
inhibited acetylcholine formation and neuro- 
muscular conduction due to low cellular potas- 
sium levels. These factors may lead to stomal 
edema. In this series of patients nine of the 
thirty had low serum potassium levels ranging 
from 3.0 mEq./L. to 3.8 mEq./L. at the onset 
of the obstructive symptoms. 

In Table v are listed the various causes of the 
stomal or high small bowel obstruction found 
in this series of thirty patients. Figures 1 
through 7 show the more frequent causes of 
the obstruction. The greater omentum or the 
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transverse mesocolon seemed to be the culprit 
in the majority of cases. Adhesive bands around 
the anastomosis or on the proximal or distal 
loop of the small bowel were also a predominat- 
ing cause for the obstruction. 

Marshall [12] and Kirschner and Garlock [173- 


TABLE V 
CAUSES OF OBSTRUCTION 


| 
No. of | 


Operation has | Cause 

4 | Omentum obstructing anas- 
tomosis 

I No real cause for obstruction 
| found 

Posterior resection: 

3 | Adhesion kinking distal loop 
| at anastomosis on greater 
curvature 

ing both loops 

stricting anastomosis 

Nagel-Zollinger....... I Large amount of bloody fluid 
in peritoneal cavity; para- 
lytic ileus 

Nagel-Zollinger....... I Jejunum intussuscepted be- 
low anastomosis; no cause 
found 

Hofmeister-Finsterer. . I Adhesion binding both loops 
to undersurface of trans- 
verse mesocolon 

Hofmeister-Finsterer. . I Distal loop stuck to abdomi- 
nal wall with volvulus of 
bowel around it 

Hofmeister-Finsterer. . I Distal loop stuck to under- 
surface of abdominal inci- 
sion 

Polya I Marginal ulcer with mass of 
omentum around ob- 
structing proximal loop 

Anterior: 

2 Adhesions kinking distal loop 
at anastomosis on greater 
curvature 

I Kinking of distal loop at 
lesser curvature 

Hofmeister-Finsterer. . 4 Omentum encircling anasto- 
mosis 

Hofmeister-Finsterer. . I Inflamed mesentery of small 
bowel retracting ileum 

Hofmeister-Finsterer. . I Mesocolon matted up, kink- 
ing distal loop by rotating 
it posteriorly 

lon and proximal loop, pull- 
ing it posterior to distal loop 

loop at anastomosis 


Nore: Five of the thirty patients required re-exploration be- 
cause of adhesions or omentum obstructing the stoma or loop. 
Therefore, the total number of cases is thirty-five. 


all recommend routine omentectomy in sub- 
total gastrectomy, especially in obese patients 
and in those with antecolic type anastomosis. 
The latter authors concluded that omentectomy 
is less tedious to the surgeon than trying to pre- 
serve the epiploic circulation to the omentum. 


Surgeons have long argued the merits of anti- 
peristaltic (distal loop of jejunum to lesser 
curvature of stomach) versus _isoperistaltic 
(proximal loop to lesser curvature) type gastro- 
jejunostomy. In this series there was but one 
antiperistaltic type gastrojejunostomy, the 
remaining patients having the isoperistaltic 
type. This one patient had kinking of the distal 
loop of the jejunum at the anastomosis with sub- 
sequent obstruction. Wangensteen [14] states 
that the antiperistaltic type of anastomosis is 
more likely to obstruct at the distal loop be- 
cause the partially denervated gastric pouch 
serves as an atonic reservoir between intestinal 
segments and is unable to empty its contents 
into the efferent (distal) segment which is 
attached to the lesser curvature in antiperistal- 
tic fashion. We can come to no definite con- 
clusion as to the merits of Iso- versus anti- 
peristaltic gastrojejunostomy. 

Eight of the patients included in this series 
required further abdominal explorations. Two 
of the patients required three subsequent ex- 
plorations or operations, and two of the eight 
patients had two further abdominal operations. 
(Table v1.) Five of the eight patients required 
re-exploration because of recurrent obstruction 
either at the site of the anastomosis or at one of 
the loops just distal to the anastomosis due to 
an adhesion or a strangulating piece of omen- 
tum. These five patients are included in Table v 
and are listed among the causes of obstruction. 

The mortality of the thirty patients who 
suffered postoperative stomal or high small 
bowel obstruction and further surgery was 
quite appreciable. Of the thirty patients in this 
series, seven died in the postoperative period 
from complications suffered following the 
original partial gastrectomy or following sub- 
sequent exploration for a mortality rate of 
23.3 per cent. Postmortem examination was 
obtained on five of the seven patients who died 
and showed the following: (1) perforation of 
duodenal stump, subphrenic abscess, peritoni- 
tis; (2) pancreatitis, peritonitis, renal failure; 
(3) perforated distal jejunum, peritonitis, 
pneumonia; (4) perforated duodenal stump, 
subphrenic abscess, pelvic and abdominal ab- 
scesses, peritonitis, lung abscess, acute endo- 
carditis of tricuspid and pulmonary valves; and 
(5) coronary occlusion (patient was seventy- 
three years of age). 

Of the two patients who died and on whom 
autopsies were not performed, one went into 
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TABLE VI 
PATIENTS REQUIRING FURTHER EXPLORATION 


Age 


Patient (yr.) 


Type of Resection 


Surgery and Further Explorations 


45 | Polya anterior 6/49 


7/11/50 Adhesion kinking distal loop at anastomosis 

9/11/53 Gastrotomy for fructobezoar causing obstruction 

10/4/50 Adhesion kinking proximal jejunal loop passing 
it posterior to distal loop; Billroth 1 


40 | Nagel-Zollinger posterior 9/4/56 


9/9/56 Large amount of bloody fluid in peritoneal cavity; 
ileus 

10/25/56 Adhesion at distal jejunum causing closed loop 
obstruction 


5.5. 28 | Polya posterior 4/11/42 


58 | Polya posterior 11/15/56 


9/24/46 Adhesion kinking distal loop at anastomosis 
10/17/46 Adhesions around anastomosis; anterior anas- 
tomosis 

2/5/48 Adhesion and marginal ulcer; end-to-end jejunos- 
tomy 

1/1/49 Kinking of both loops by adhesions 


11/24/56 Transverse mesocolon slipped down, kinking 
both loops 

12/5/56 Adhesions and transverse mesocolon obstructing 
anastomosis at stoma; anterior anastomosis 

12/16/56 Cecostomy for large bowel obstruction at splenic 
flexure 

12/23/56 Incision and drainage of right subphrenic abscess 


63 | Polya anterior 2/21/53 


3/6/53 Omentum obstructing proximal loop at anastomosis 
3/11/56 Distal loop dilated, no cause found; entero- 
enterostomy 


60 | Polya posterior 1/26/47 


2/11/47 Transverse mesocolon slipped down kinking both 
loops 

2/24/47 Matted up omentum and transverse mesocolon 
obstructing anastomosis which was revised 


47 | Hofmeister-Finsterer anterior 9/22/49 


10/14/49 Ileum kinked by inflamed small bowel mesentery 
10/14/49 Cecostomy for large bowel obstruction 
1/17/50 Cecostomy closed 


73 | Hofmeister-Finsterer anterior 12/6/49 


12/28/49 Omentum around anastomosis 
4/28/52 Enteroenterostomy taken down for massive 
hemorrhage 


* Died. 


irreversible shock postoperatively and died 
on the first postoperative day; the other pa- 
tient had massive bleeding from the gastro- 
intestinal tract following exploration and died 
from irreversible shock. 


COMMENTS 


_ There is a significant difference between the 
incidence of obstruction in anterior and poste- 
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rior partial gastrectomies. The incidence of 
anterior resections requiring exploration be- 
cause of obstruction is 4.08 per cent compared 
to 5.79 per cent for the posterior resections. 

In analyzing the reasons for the obstruction 
in the posterior type of resection, over one-half 
of the cases had the transverse mesocolon as 
the major cause of obstruction. Six patients 
with posterior resection were obstructed be- 
cause the transverse mesocolon had slipped 
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down from its position above the line of anasto- 
mosis and had kinked both the proximal and 
distal loops with subsequent obstruction. Four 
patients with posterior resection had obstruc- 
tion because the transverse mesocolon was 
constricting the anastomosis. 

We stress the importance of not performing a 
posterior type of resection through a rigid and 
short transverse mesocolon which does not 
allow for any upward retraction of the stomach. 
Care must be taken in performing a posterior 
anastomosis through a heavy obese transverse 
mesocolon, which if handled roughly or if con- 
taminated by any leakage, is likely to become 
edematous, inflamed and constrictive to the 
anastomosis in the postoperative period. The 
surgeon who performs posterior anasto: >sIis 
must be certain the transverse mesoco’ : is 
tacked to the stomach well above the line of 
anastomosis; on the other hand he cannot 
leave any rents in the transverse mesocolon 
through which a loop of small bowel might 
herniate. 

In analyzing the reasons for obstruction in 
the anterior type of resection, the greater 
omentum was the major cause of obstruction 
in about one-half of the cases. In four cases the 
greater omentum had encircled the anastomosis 
and had constricted it. One other patient be- 
came obstructed when the greater omentum 
constricted the distal loop at the anastomosis. 
It is also significant that four of the five pa- 
tients with Billroth 1 type of resections who 
became obstructed and required further sur- 
gery had the greater omentum as the cause of 
the obstruction. 

While we do not advocate performing routine 
omentectomy during partial gastrectomy, we 
do advise against performing an anterior type 
of anastomosis in the presence of a very large, 
obese and heavy greater omentum. We also 
advise against wrapping the omentum around 
the anastomosis so as to protect against leakage. 

It is also significant that of the thirty-five 
cases requiring exploration for obstruction of 
the stoma or high small bowel (thirty original 
partial gastrectomies plus five of the thirty 
that became obstructed again), thirty-four had 
definite causes found at the time of exploration 
for the obstruction, and practically all of these 
were mechanical causes. It is doubtful that 
prolonged nasogastric intubation and _ inter- 
mittent obstruction would have relieved any 
of the causes of obstruction. 


Hibner and Richards 


316 


CONCLUSIONS 


Thirty cases of postoperative stomal or high 
small bowel obstruction following partial gas- 
trectomy have been presented. These thirty 
patients were seen in the last eleven years at 
Stanford University Hospital where 648 partial 
gastrectomies have been performed. The in- 
cidence of postoperative obstruction requiring 
further surgery was 4.63 per cent. There was a 
higher incidence of obstruction (5.79 per cent) 
among the patients with posterior type resec- 
tion as compared to the anterior type resection 
(4.08 per cent) and the Billroth 1 type of re- 
section (3.47 per cent). The various causes for 
the obstructions have been presented; the trans- 
verse mesocolon caused the majority of ob- 
structions in the posterior type of anastomosis 
and the greater omentum caused the majority 
of obstructions in the anterior type and Billroth 
1 anastomosis. This mortality rate was quite 
appreciable in this series, being 23.3 per cent. 
Leakage with abscess formation and peritonitis 
were the chief causes of death. 
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DISCUSSION 


Henry N. Harkins (Seattle, Wash.): In looking 
over the literature I noted that several members of 
this Society, including Drs. Lester Chauncey, 
Gordon Smith and Jack Cannon, among others, had 
written upon this subject in the past. 

| might divide my discussion into three portions: 
(1) obstructions following the Billroth 1; (2) those 
after the Billroth 1; and (3), the general problem 
that Drs. Hibner and Richards mentioned as to 
whether one should intervene early or late. 

Regarding obstructions after the Billroth 1, I feel 
called upon, since I hear myself quoted upon this 
subject more, possibly, than on any other one, to 
clear up the confusion concerning my position on 
this procedure. 

My name is not Billroth and I did not invent 
these operations, either the 1 or the 11. We have 
studied the Billroth 1; two years ago last September 
we finished our series of approximately 500 cases, 
determined to close the series at that time. We are 
now using the Billroth 1 with 50 per cent resection 
and vagotomy. The reason we changed is not that 
we were dissatisfied with the procedure nor that 
we are convinced that the new operation is better. 
Regarding complications of the Billroth 1, it might 
be said that our results were better than other 
series in some ways and worse in others. I think 
our dumping syndrome results are possibly higher 
than most series in the literature for Billroth 1. 
I do not know why they are, but certainly we are 
the first to admit they are. In some other respects 
perhaps our results have been better. 

So far as the obstruction is concerned, however, 
I will say that that is one item with which we have 
had essentially no trouble. I will analyze this aspect 
a little more. 

Our results are essentially 0.4 per cent obstruc- 
tion for which operation has to be performed. There 
are several possibilities why our results are lower 
than Dr. Richards’ for the Billroth 1. 

I am very pleased to see that Dr. Richards does 
perform some Billroth 1 operations. It may be 
that we have different criteria as to what we classify 
as obstruction and, unfortunately, not having had 
the advantage of prereading his paper before its 
presentation, I could not go over our series again. 

One interesting feature is that the authors had 
four of five of their Billroth 1 obstructions caused 
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by omental adhesions. I do not believe I have ever 
seen such an instance following the Billroth 1 in 
our obstructions, and if you take away those four 
obstructions from their five, that leaves one, which 
makes their result not too different from ours. 

I think there are several technical factors to be 
considered that might enter in. One of these actu- 
ally applies to the Billroth 1 itself, namely, the 
omentum. We take great care in those cases in 
which the omentum is not removed (and we do not 
remove it very often) to see that the right omental 
artery, as I might call it for lack of a better name, 
is preserved. We go outside of the gastroepiploic 
artery on the left, but when we get over near this 
artery we go inside adjacent to the stomach and 
duodenum so as to preserve that artery, to prevent 
either total or partial omental necrosis. I would 
like Dr. Richards to tell us whether any of these 
four cases, or even the ones with Billroth u, had 
evidence of partial omental necrosis. Possibly the 
reason the omentum went up was not because 
there was something wrong with the anastomosis 
but because the omentum was necrotic. 

In our Billroth 1 operations we remove the ulcer 
in about 99 per cent of the cases. Therefore, there 
is a clean duodenum, and this, I believe, results in 
an anastomosis with a better lumen. We almost 
always immobilize the duodenum by the Kocher 
maneuver. In our last 200 or 300 cases we have 
used a non-inversion anastomosis technic, a little 
like Dr. Weinberg’s closure of pyloroplasties except 
that we use two layers. The inner layer is of very 
fine catgut, and the outer layer is of silk, but we 
do not Iembertize at all. 

So far as the Billroth 11 operations are concerned, 
our incidence of obstruction is about what the 
authors report. Maybe it is more; I cannot give 
an exact figure. 

So far as the general problem is concerned, | 
think it is somewhat like intestinal obstruction. 
Some people say, “Operate on all intestinal ob- 
structions immediately”; some say, “ride them 
out.” I think one has to individualize. In any post- 
gastrectomy patient who has localizing signs of 
tenderness, fever, drainage, etc., one should operate 
as quickly as possible. Such a patient presents a 
surgical emergency. 

On the other hand, with the patients who do not 
have any of these localizing signs I think it is all 
right to ride them out a little. One medical aspect 
of treatment to consider is not to give too much 
saline, which may cause edema. 

So far as the Billroth 11 is concerned, since I 
have performed only two in seven years, | am no 
expert. 

A.tLEN M. Boypen (Portland, Ore.): This paper 
amazed me. Apparently I have been brought up in 
a different school of thought about this problem. 
I have, throughout the years, followed the prin- 
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ciples laid down by my preceptors, Dr. Arthur at 
the Massachusetts General Hospital and Dr. Fred- 
erick Coller at the University of Michigan. 

Perhaps they have changed their opinions, al- 
though I doubt it. | was taught, and have con- 
tinued to follow the precept, that patients with 

postgastrectomy obstruction should not be oper- 
ated upon except in rare instances. 

I have recently reviewed a ten-year experience 
at the Portland Clinic. We have performed ap- 
proximately 400 gastrectomies. In no instance was 
re-exploration done for postgastrectomy obstruc- 
tion: No patient has died of this complication. 
Since the conclusion of this study I have operated 
upon one patient in whom the transverse colon was 
bound to the thickened anastomotic site of a Bill- 
roth 1 anastomosis, producing obstruction. 

As Dr. Richards has suggested, the pathologic 
condition in these cases is the result of a minor leak 
with severe cellulitis of the anastomotic site. | am 
convinced that attempts at re-resection will lead 
to complications and mortalities, such as Dr. Rich- 
ards has shown. Given a chance, nature will control 
the cellulitis and overcome the obstruction. Reop- 
eration simply compounds the injury. These pa- 
tients will ride out their obstruction if one can keep 
them in a proper state of nutrition. I have waited 
as long as twenty-six days in one instance. I do 
not mean that one should postpone a feeding 
jejunostomy. 

I live in dreadful fear that when I get such a 
complication—and we do have them, although our 
percentages are lower than those reported—I will 
be asked to have a consultant who believes in early 
re-exploration. Furthermore, as a consultant myself 
in such instances, | am sure that my chief function 
is to advise the surgeon not to operate. 

BERNARD P. MULLEN (Seattle, Wash.): I have 
performed one Billroth 1 in the past seven years. 
The rest have all been Billroth 1 operations. 

I think my incidence of obstruction is extremely 
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rare. In fact, I wrote a paper on this and presented 
it to the Seattle Surgical Society about ten years 
ago, and I do not recall one since then. 

These are all private cases; I do not have a 
hospital service at the present time. However, | 
wonder if the Billroth 11 is properly performed, 
particularly as it is done now. The vagus nerve is 
cut, the lesser curvature removed and the left 
vessels transsected; the stomach comes down very 
readily so that you can make a simple anastomosis 
which is not under tension and which does not pull 
up through the transverse mesocolon. 

I am very careful to sew this transverse meso- 
colon well above the anastomosis, high up on the 
stomach on the posterior wall and the anterior wall. 
Obstruction does not occur after this precaution. 

Victor RicHarps (closing): I would like to 
thank everyone for his discussion. I do not want 
to leave you with the impression that all these 
obstructions were mine. Nevertheless it is a difficult 
problem, and there were four or five patients in 
this series who were operated upon by excellent 
surgeons on our staff. Obstruction occurred, and 
as the tenth and twelfth to fourteenth day went by 
it became increasingly more difficult to prevent 
reoperation. 

All these patients were seen in consultation and 
I think the consultants all agreed that they should 
be reoperated upon. In retrospect, we are happy 
that this was done. 

I think Dr. Boyden may be entirely correct in 
what he has said, and now that we do have better 
methods of total alimentation I think it is con- 
ce'vable that we could follow conservative treat- 
ment for a very long period of time. I am referring 
to intravenous fat, and maybe our philosophy 
about it should change. On the basis of this review, 
I was quite impressed with the fact that we might 


have done better if we had really operated upon 


these patients earlier and overcome their mechani- 
cal problems. 
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Rectal Obstruction by Carcinoma 
of the Prostate 


J. Tate Mason, M.D. AND WILLIAM B CreENsHAW, M.D., Seattle, Washington 


ARTIAL or complete rectal obstruction due to 
eet sacteal of the prostate is not so rare as 
the paucity of reports would indicate. Winter 
[8] reports that 11 per cent of 225 patients with 
prostatic carcinoma had rectal involvement to 
the extent of creating a problem in differential 
diagnosis. He reviewed the cases reported in 
the literature and noted incidences of rectal 
involvement by carcinoma of the prostate to 
vary from 1.5 to 11 per cent. Of eighty-nine 
cases of carcinoma of the prostate seen during 
the years 1955 through 1957 in our Clinic, three 
produced symptoms of rectal obstruction, an 
incidence of 3.3 per cent. 

The purpose of this paper is to increase the 
index of suspicion of the practicing surgeon and 
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to highlight the differential diagnostic proce- 
dures available. 

The prostatoperitoneal fascia (fascia of 
Denonvilliers’) (Fig. 1) presents a theoretical 
barrier to the direct extension of carcinoma of 
the prostate posteriorly. No nerves, vessels or 
lymphatics traverse this membrane. As most 
carcinomas of the prostate metastasize via the 
venous or perineural lymphatic route, it is not 
surprising that a relatively small percentage 
cause rectal symptoms. When rectal symptoms 
or physical findings indicate rectal obstruction, 
it is caused by direct extension through the 
fascia or by pressure on the rectum due to 
massive enlargement of the prostate gland. 
Prostatic carcinoma may also cause annular 
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rectal constriction or an isolated rectal lesion. 
These latter two are the most difficult to 
differentiate from carcinoma of the rectum. 
One of our patients had carcinoma of both 
the prostate and rectum. 

The difficulty of establishing a diagnosis from 
physical findings alone is evidenced by the fact 
that all our patients were referred for rectal 
surgery. To attempt to perform extirpative 
rectal surgery on a tumor primarily of prostatic 
nature would not, to say the least, be in the 
patient’s best interest. To deter from this dis- 
aster the surgeon must have a high index of 
suspicion, especially when the prostate is not 
palpably separate from the tumor, or when the 
tumor is on the anterior rectal wall. 

Often, differential diagnosis by rectal ex- 
amination alone may be impossible even for 
the most experienced examiner. However, once 
the examiner questions the primary source of 
the tumor, he may turn to several studies to 
resolve his diagnostic dilemma. 

Roentgenogram. The majority of carcinomas 
of the prostate metastasize to the pelvis or 
lumbar spine. The bony metastases are almost 
always osteoblastic in nature. Rarely, if ever, 
does carcinoma of the rectum metastasize in 
this fashion. Barium enema studies may be of 
help in establishing the level and caliber of 
obstruction but are of no value in differential 
diagnosis. 

Serum Acid Phosphatase. The finding of an 
elevated serum acid phosphatase in a suspected 
case of carcinoma of the prostate is excellent 
confirmatory evidence of the disease. Unfor- 
tunately, however, there is elevation in only 
about 65 per cent of patients with metastatic 
prostatic carcinoma [2]. Winter [8] emphasizes 
the fact that serum acid phosphatase may be 
falsely elevated either in prostatitis, following 
prostatic massage, or by laboratory error. He 
advocates that three determinations be carried 
out at least twenty-four hours after rectal- 
prostatic examination. Despite the possibility 
of false elevations, if the serum acid phospha- 
tase is consistently elevated in an already sus- 
pected case of carcinoma of the prostate, the 
test is almost pathognomonic of the disease. 
However, the fact that it is not elevated does 
not rule out the possibility of carcinoma of the 
prostate. 

Biopsy. In the majority of cases carcinom- 
atous tissue removed for biopsy can be easily 
identified microscopically to be of rectal or 
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prostatic origin. However, when the cells are 
highly anaplastic, the pathologist may have 
difficulty differentiating microscopically adeno- 
carcinoma of the prostate from adenocarci- 
noma of the rectum. In such cases the use of 
Gomori stains to identify acid phosphatase 
enzyme, or acid phosphatase assay studies of 
the tissue will help solve the problem. With the 
potential difficulties of the pathologist in mind, 
it behooves the surgeon to obtain an adequate 
amount of tissue for thorough study. He has 
several methods at his disposal, the simplest of 
which is the needle biopsy (Turkel, Silvermann, 
Veenema punch). Needle biopsy is satisfactory 
if tumor can be obtained and if the pathologist 
can establish the diagnosis from a relatively 
small section. It is impossible to obtain ade- 
quate tissue for chemical studies by this 
method. The technical difficulties obtaining 
satisfactory tissue from a highly vascular 
tumor, or in some cases of obtaining any satis- 
factory tissue via needle biopsy, are known to 
all experienced with this method. We reserve 
needle biopsy for poor-risk patients or those 
who refuse any type of surgical intervention. 
Transrectal approach [3] is a satisfactory 
and relatively simple method of obtaining 
tissue for biopsy. However, the examiner should 
be prepared to obtain tissue relatively deep in 
the perirectal mass as there is usually super- 
ficial necrosis, inflammation and other cellular 
changes making the superficial tissue unsatisfac- 
tory for microscopic differential identification. 
The perineal or transurethral routes are both 


‘suited to biopsy. As the majority of prostatic 


carcinomas occur in the posterior lobe (go per 
cent) [5], removing tissue by these routes gives 
the operating surgeon immediate access to that 
portion of the gland which in the majority of 
cases contains neoplasm, if present. By either 
transurethral resection or open perineal ex- 
posure an adequate amount of tissue for all 
indicated studies can be obtained. 

Tissue examination is the best method of 
differentiation between the two carcinomas in 
question. Tissue for biopsy should be obtained 
in every case. It must be emphasized that the 
method of taking tissue be individualized for 
each presenting case, and the method used 
which is the least risk to the patient and the 
surest of obtaining adequate tissue for differen- 
tial diagnosis. 

Sternal Marrow Aspiration. Alyea and Run- 
dles [1] report eighteen of thirty-two patients 


with metastatic prostatic carcinoma to have 
bone marrow metastases, an incidence of 56 per 
cent. Theoretically, studies of sternal bone 
marrow should be of aid in differential diagno- 
sis; however, in an isolated case in which 
differential diagnosis is a problem, its practical 
application is doubtful. Marrow biopsy might 
well be reserved until all other methods of 
differential diagnosis have failed. 

Diagnostic Test of Therapy (Estrogens). The 
dramatic response of carcinoma of the prostate 
to estrogen therapy makes the use of estrogens 
a helpful adjunct in differential diagnosis from 
carcinoma of the rectum. In the majority of 
cases (85 per cent) [6] the daily oral administra- 
tion of 5.0 mg. of diethylstilbestrol will cause 
a demonstrable decrease in the size and symp- 
toms of prostatic carcinoma within thirty days. 
Rectal carcinomas will, of course, be unchanged 
by estrogen administration. 

Other Diagnostic Procedures. Proctoscopy 
should be considered early among the diagnostic 
procedures. However, simple visualization of a 
suspicious mucosal elevation or mucosal ulcer- 
ating lesion is not enough to establish a diagno- 
sis [4]. Tissue for biopsy could and should be 
removed at this time even though repeated 
negative or inconclusive biopsies may be 
obtained because the surgeon is unable to get 
deep enough to reach the tumor. More formida- 
ble methods of obtaining tissue for biopsy will 
probably be necessary to establish the diagnosis. 

Simple urethrocystoscopy, as with proctos- 
copy, is not enough to establish a diagnosis in 
doubtful cases. A cystoscopist can report pros- 
tatic fixation, extent of tumor, vesical neck 
obstruction, etc., but from visual examination 
alone cannot identify the origin of the tumor. 
Where differential diagnosis is a problem, cys- 
toscopy should be limited to those patients 
with genitourinary signs or symptoms. By 
reserving cystoscopy for such patients the sur- 
geon may, with one procedure, accomplish 
treatment as might be indicated; for example, 
relief of obstructive symptoms or control of 
hematuria, and also, removal of adequate tis- 
sue for biopsy. If diagnosis of carcinoma of the 
rectum has been previously established, cys- 
toscopy can be of inestimable value in deter- 
mining whether or not the bladder wall is 
invaded, and if so, how extensively. But as a 
tool to aid in differential diagnosis its routine 
use can be harmful and is probably ill advised. 
In the absence of genitourinary symptoms 
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removal of tissue for biopsy by other means is 
preferable. 

Treatment. The immediate problem of ob- 
struction of the bowel can be managed by 
colostomy. This procedure seems rarely indi- 
cated, however, as Winter [7,8] does not report 
it necessary in his thirty-two cases. Jackman 
and Anderson [4] found colostomy necessary 
in one of twenty-seven cases. We did not find it 
needed in any of our three patients. 

The combined use of estrogens and orchiec- 
tomy continues to appear to be the treatment 
of choice in extensive carcinoma of the prostate. 
In many cases the shrinkage of the mass and 
subsequent relief of obstruction of the bowel 
following estrogen therapy are astounding and 
most gratifying. Encouraging results are being 
noted with the use of radioactive isotopes and 
with surgical or medical adrenalectomy. Long 
term evaluation of these methods of treatment 
might lead to their more widespread use. 


SUMMARY 


Rectal obstruction by carcinoma of the pros- 
tate is not a rare disease. A high index of 
suspicion by the surgeon treating rectal disease 
will prevent its being mistaken for carcinoma 
of the rectum. Methods of differential diagnosis 
are described. The importance of obtaining 
tissue for biopsy is stressed. 
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DISCUSSION 


Tuomas Montcomery (Portland, Ore.): It has 
been an observation of mine over the years of 
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attending meetings that discussers are likely either 
to develop a mounting distrust and derision of the 
essayist’s contentions as they mull over a paper, or 
fall into such complete accord that nothing is con- 
tributed. I started this business of preparing a dis- 
cussion for Drs. Mason and Crenshaw’s paper as a 
disbeliever because I could not remember a single 
instance of obstruction of the rectum by carcinoma 
of the prostate in my experience, which, to say it 
impressively, is almost a quarter of a century. 

However, as I pursued the subject I became con- 
verted, and [| think part of my conversion is at- 
tributable to the fact that the authors supplied me 
first with a preliminary draft of the paper well in 
advance of the meeting and, not long after that, a 
final summary with a list of references that I might 
use for preparing the discussion. 

For a urologist to seek to determine the fre- 
quency with which prostatic carcinoma obstructs 
the rectum is, strangely, quite a task. Since I could 
not recall a single instance in my own experience, 
I surveyed fairly insistently the records of St. Vin- 
cent’s Hospital and the University of Oregon 
Medical School, and I found this pursuit fruitless 
when I tried to find suitable cases among listed 
carcinomas of the prostate. Then I tried reviewing 
all the colostomies to see which of those had been 
performed because of obstruction by prostatic car- 
cinoma, and again I was not able to prove any one 
case certainly. 

My next approach was to query the men who 
should have seen many cases, so I wrote to my 
friend, Dr. Gershom Thompson at the Mayo Clinic. 
He replied that he could remember one carcinoma 
of the prostate that obstructed the rectum, and 
turned the problem over to Dr. Ned Cook, who 
from memory could cite three such cases of car- 
cinoma of the prostate, all three of which had 
required colostomy. 

These men have perhaps operated upon eight or 
ten thousand patients with prostatic obstruction, 
and that possibly is a conservative figure. If car- 
cinoma of the prostate is found in 20 per cent of 
prostatic obstructions, as is contended by many 
authors, that would mean they probably have seen 
some 2,000 prostatic carcinomas. These are my 
figures. They may be very wrong but that is about 
what I would estimate, knowing what these men do. 

The curious thing is that they have seen three 
or four that they can recall, but from the same in- 
stitution, Dr. Ray Jackman of the Department of 
Proctology reported in 1952 or 1953 twenty-seven 
cases of carcinoma of the prostate that obstructed 
the rectum, and colostomy was required in only one 
case. The other cases were treated by female hor- 
mone or castration. 

So I submit that the urologist is not likely to see 
the cases of carcinoma of the prostate which ob- 
struct the rectum. They do occur, as evidenced by 


Mason and Crenshaw 


322 


the fact that several substantial series have been 
reported. 

I therefore now believe that this situation exists 
but that the sigmoidoscopist will be the one who 
detects it. It is up to the sigmoidoscopist, the 
internist or the general surgeon to be aware of the 
condition and not be mousetrapped into trying to 
remove, as Dr. Mason has cautioned, a carcinoma 
of the prostate under the mistaken diagnosis of 
carcinoma of the rectum. 

Just before this meeting we had such a case, the 
first one I had seen or that I was aware of having 
seen. The patient was a man in his middle 80’s with 
rectal obstruction. Being alerted to this possibility 
because of the paper that I was to discuss, I closely 
followed the man’s course until he died. Unfor- 
tunately we were not able to obtain an autopsy, 
nor did the patient’s condition ever permit trans- 
urethral biopsy or prostatic biopsy directly. The 
tissue removed at the time of abdominal examina- 
tion when colostomy was performed showed a 
highly undifferentiated carcinoma which the 
pathologist was not able to localize, although he 
thought it was primary in the prostate. Without 
the aid of special stains for the phosphatic enzyme 
which Drs. Mason and Crenshaw mentioned, it 
has not yet been possible to establish where this 
growth originated. I should say that I did make a 
rectal examination while the man was lying on his 
side on the operating table in preparation for his 
spinal anesthetic, and it was my “expert” opinion 
that this was not a carcinoma of the prostate, yet 
I think now it probably was. 

In conclusion, I stand convinced that prostatic 
carcinoma does in rare instances grow in such a 
manner as to obstruct the rectum. Members of this 
society are indebted to Drs. Mason and Crenshaw 


for the embarrassment they may save them by 


their able presentation of the subject. 

IrvinG Witts (Santa Barbara, Calif.): Often 
when a subject of a rare or relatively rare nature is 
presented on a program, we suddenly think of a 
similar case which we have seen and rise to say 
““me, too.” 

I have a large series of one case that is proved 
and another that is probable. It is now about four 
and a half years since the patient was sent to me 
by one of my colleagues at the Clinic because of a 
rectal obstruction. I attempted to get my finger 
into the rectum. It ran up against a large mass, the 
top of which I could not reach. The mass filled the 
rectal ampulla; and although I wanted to make a 
sigmoidoscopic, or at least a proctoscopic, examina- 
tion, I was unable to insert the instrument. The 
mass was nodular and felt as though it was ulcer- 
ated, and had apparently broken through the 
rectal mucosa. 

This man had some urinary tract symptoms con- 
sisting of slow stream, nocturia and frequency, but 
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his chief complaint was the difficulty moving his 
bowels even with quite vigorous administration of 
a laxative. 

I catheterized this man and found that he was 
carrying considerable urine. On cystoscopy there 
was an obvious prostatic obstruction; and since 
this examination was made under general anes- 
thesia, I inserted a resectoscope and took a large 
transurethral biopsy specimen. The pathologic re- 
port was “‘well differentiated adenocarcinoma of 
the prostate.” 

A specimen from the rectum itself revealed the 
same tissue, so that it was obvious that the rectal 
obstruction was due to a large prostatic carcinoma 
which had obviously broken through Denonvil- 
liers’s fascia. 

Because this man was carrying residual urine 
from the prostatic obstruction, I carried out a 
transurethral prostatic resection believing that 
sooner or later there would be obstruction. The 
question that arose was what to do next. Certainly 
any attempt to remove the rectal mass would end 
in disaster. I decided to delay performing a colos- 
tomy, believing that since the patient was able to 
get some of the fecal material through, this proce- 
dure possibly could be avoided by restricting his 
diet and using laxative therapy. Heavy doses of 


estrogens were given, and to my very great surprise 
and gratification the tumor melted down with 
extreme rapidity. 

Four and a half years have passed and the tumor 
remains from one-fourth to one-third its original 
size. The patient’s bowels move. 

I tried to get the patient to submit to an orchiec- 
tomy but he refused, as some of these patients will 
do. I am waiting for the day when the tumor 
reactivates, because certainly it is inactive at this 
time. I know what the terminal result will be, but 
the patient has had four and a half years of rather 
comfortable life on just estrogen therapy. 

When and if the cancer is reactivated, | will insist 
on orchiectomy and possibly an adrenalectomy. 

These conditions do occur, as Drs. Mason and 
Crenshaw have reported, but in my experience 
they have been extremely rare. 

Estrogen therapy, as we know, is very effective 
when we have a well differentiated prostatic cancer. 
In the anaplastic types, of course, we are almost 
sure to fail to get any result with this treatment, 
and I know of no satisfactory treatment for 
them. 

I want to thank the authors for their presenta- 
tion. I am sure there are more of these cases which 
have gone unrecognized. 
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A Comparison of Cecostomy and Colostomy 
in the Management of Acute Obstruction 


of the Left Colon 


Puitip R. WEsTDAHL, M.D., San Francisco, California 


ERIODICALLY it is essential to evaluate the 
ed of a given surgical problem by 
comparing results with those reported in the 
literature. The present study is an evaluation 
of cecostomy and colostomy in the management 
of acute obstruction of the left colon at the 
San Francisco Hospital between July, 1947, and 
July, 1957. 


DISTRIBUTION 


During this ten-year period there were 
seventy-five such obstructions. Inasmuch as 
sixty-nine of these were due to carcinoma, this 
is essentially a study of malignant obstructions 
of the left colon. The cases were distributed 
between the surgical services of the two local 
medical schools, Stanford and California. There 
were fifty-one cecostomies and twenty-four 
colostomies. The California Service did thirty- 
five cecostomies and two colostomies and the 
Stanford Service did sixteen cecostomies and 
twenty-two colostomies. 


TECHNIC 


The term skin was used when a pouch of 
cecum was delivered and sutured to skin. This 
was done in twenty-seven cases and in twenty- 
two of these, opening of the cecum was delayed 
twenty-four hours or more, at which time a tube 
was inserted. All of these were carried out by 
the California Service. The term non-skin in- 
cludes all cases in which the cecum was sutured 
to peritoneum or fascia with little or no pouch, 
the cecum was opened and partially deflated 
and a tube inserted without delay. This method 
was used in all sixteen of the cecostomies at 
Stanford and eight on the California Service. 
The results by these two methods are com- 
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pared in Table vii. All of the colostomies were 
right transverse loops brought out over a glass 
rod with the exception of one sigmoid colos- 
tomy. Local anesthesia was used in 70.6 per 
cent of cecostomies and 58 per cent of colos- 
tomies. A “blind” decompression was _per- 
formed in 88.2 per cent of cecostomies and 
70.8 per cent of colostomies. Laparotomy was 
carried out in several instances of suspected 
volvulus. In no case was a blind procedure per- 
formed in error. Barium enema and proctoscopy 
were used in all patients whose condition 
permitted. 


CONDITION ON ENTRY 


Many authors in discussing whether cecos- 
tomy or colostomy is preferable in decompress- 
ing the acutely obstructed left colon tend to 
generalize, advocating one or the other method 
in all instances and emphasizing mortality 
figures as the basis for their preference. While 
mortality is the most important consideration, 
other factors enter the picture; among these 
are the general condition of the patient and the 
degree of distention. 

Tables 1 and 11 show these factors in the 
present series. Although the percentage of pa- 
tients in poor condition is about the same, only 
39.2 per cent of the patients who underwent 
cecostomy were in good condition as compared 
with 54.2 per cent of the patients who under- 
went colostomy. More striking than this, 
twenty-seven or 52.9 percent of those who under- 
went cecostomy and only five or 20.8 per cent of 
patients who underwent colostomy had a 
severe degree of distention. In spite of these 
factors, the overall mortality for cecostomies 
was lower. 
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It is also significant that three of the five 
colostomies performed on severely distended 
patients were followed by poor results: one 
patient failed to decompress and died on the 
fourth day; one ruptured the cecum and died 
on the fourth day; the third patient eviscerated 
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frequently quoted [3,4] as about 2 per cent of 
large bowel obstruction and occurred in two 
instances or 2.6 per cent in the present series. 
Lowman and Davis [3] predict impending per- 
foration of the cecum at a diameter of 9 cm. or 
larger and advise cecostomy in such instances. 


TABLE I 
GENERAL CONDITION ON ENTRY 
| 
No. of Cases Per cent 
Condition | 

_ Cecos- | Colos- | Cecos- | Colos- 
tomy tomy tomy tomy 
13 39.2 54.2 
7 | 4 13.7 16.6 


a huge loop of colon and ten inches of small 
bowel through the colostomy wound. In a 
fourth case, which has been listed as a cecos- 
tomy but which points out a technical difficulty 
in identifying the colon in the presence of 
severe distention, the cecum was delivered over 
a glass rod, the surgeon believing that it was 
transverse colon. The patient died as a result of 
mechanical obstruction at the ileocecal valve. 
On the other hand, cecostomy succeeded in 
decompressing all but two of the twenty-seven 
patients classified as severely distended on 
entry without mortality. 

Cecostomy in this series was therefore prefer- 
able in the severely distended, poor risk pa- 
tients and many authors [1—3,12] agree. Brin- 
dley [1], who prefers a colostomy in the average 
ease, reports a mortality rate of only 8.7 per 
cent in forty-six consecutive cecostomies per- 
formed under the aforementioned conditions. 
The possibility of perforation of the cecum is 


TABLE II 
DEGREE OF DISTENTION 


| 
| 
No. of Cases | Per cent 

Distention | 
Cecos- | Colos- | Cecos- | Colos- 
tomy tomy | tomy tomy 

| 

| 
Mild..... I 4 1.9 12.5 
Moderate. | 16 45.1 66.6 
Severe........ 27 5 | 52.9 20.8 


TABLE III 
MORTALITY IN REVIEW OF LITERATURE 
No. of Cases Mortality (%) 
Author Year 
Cecos- | Colos- | Cecos- | Colos- 
tomy tomy tomy tomy 
Wangensteen [s5]..... 1953 81 3.7 
1946 62 3.8 
Brindley [7]......... 1948 46 8.7 
Lowman and Davis [3]| 1956 12 
Hendricks and Griffin 
1944 42 47 40.5 21.0 
Albers and Smith [7]..| 1950 34 34 56.0 23.5 
Rack and Clement [2] | 1953 54 45 33.0 24.4 


However, some advocates [5,6,8] of colostomy 
adhere to the latter procedure under all circum- 
stances and report very favorable mortality 
rates. 


MORTALITY 


The wide range in mortality figures reported 
by various authors is shown in Table u1. It is 
difficult to understand the excellent results by 
Wangensteen [5] and Fallis [8] in contrast to 
others [2,3,7,9-11] which unfortunately are 
more representative of the generally poor 
results with either procedure. In order to 
eliminate the possible influence of antibiotic 
therapy, only those series reported subsequent 
to availability of antibiotics were included and 
the present study is likewise limited to this 
period. The type of patient may have some 
bearing on mortality inasmuch as the last three 
reports in Table 111 [2,7,9] were all from large 
county hospital services. With notable excep- 
tions [1,3,12] most authors favored colostomy. 

The overall mortality in the present series is 
briefly analysed in Tables tv and v and com- 
pares favorably with reports from other county 
hospitals. There were seven deaths in fifty-one 
cecostomies or 13.5 per cent, and six deaths in 
twenty-four colostomies, or 25.0 per cent. In 
trying to determine which deaths were directly 
due to the procedure, colostomy showed an 
improvement but cecostomy still compared 
favorably. Cecostomy may have saved the 
patient (Case vi, Table v) whose cecum per- 
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forated subsequent to colostemy. A simple 
cecostomy may also have avoided the technical 
error resulting in death from obstruction at the 
ileocecal valve (Case vu, Table 1v) when the 
cecum was mistaken for transverse colon and 
brought out over a glass rod. However, a 


frequently with cecostomy. The infection was 
serious enough to delay definitive surgery on an 
average of nineteen days in four cases. This 
complication is diminished by suture of the 
cecum to the skin as shown in Table vin. In 
two cases in which the cecum had been sutured 


TABLE VI 
COMPLICATIONS DUE TO PROCEDURE 


TABLE Iv 
ANALYSIS OF DEATHS IN CECOSTOMY 
Condi- Post- | 
opera- | 
Case | Age — Disten- tive | Cause 
on tion Day of 
Entry Death 
| 
| 
I 78 | Good | Severe 18 | Pulmonary embolus 
il 77 | Fair Moderate 25 | Carcinomatosis 
u1 | 72 | Poor | Severe 2 | Carcinomatosis 
IV go | Fair Moderate 3 Pneumonia 
Vv 61 | Poor | Moderate 5 Perforated rectal car- 
cinoma: generalized 
peritonitis 
VI 55 Poor Moderate 16 Failed to decompress 
VII 50 | Fair Severe 4 Obstruction at ileo- 
cecal valve 


colostomy may have adequately decompressed 
the patient (Case vi, Table 1v) who failed to 
decompress by cecostomy. It is doubtful if a 
colostomy would have influenced the course of 
the patient (Case v, Table tv) who had a 
severe generalized peritonitis due to a per- 
forated carcinoma of the rectum on entry. 

On the basis of mortality alone in the present 
series, cecostomy compares favorably with 
colostomy. It is of interest to note that there 
was not a single instance of peritonitis due to 
cecostomy in spite of the frequent reference to 
this complication by the advocates of colostomy. 


COMPLICATIONS DUE TO THE PROCEDURE 


Table v1 shows the complications attributable 
to the decompressing procedure itself. There is 
no doubt that local wound infection occurs more 


TABLE Vv 
ANALYSIS OF DEATHS IN COLOSTOMY 
Condi- 
: opera- 
Case | Age won Disten- tive Cause 
on tion 
Sacry Day of 
Death 
I 68 | Fair Moderate 30 Cerebrovascular acci- 
dent 
il 65 Poor | Moderate 26 Carcinomatosis 
111 75 Poor | Moderate 96 Carcinomatosis 
IV 73 Fair Moderate 10 Carcinomatosis 
Vv 50 Poor | Severe 4 Failure to decompress 
vI 71 Poor | Severe 4 Ruptured cecum 


Type Cecostomy | Colostomy 
Wound infection*..........| 4 
Evisceration..............] I 
Small bowel obstruction....| |. ......., 
| 7 (13.5) | 2 (8.3) 


* Severe enough to delay definitive surgery. 


to skin, it subsequently retracted down to 
fascial level without further complication. The 
small bowel obstruction was relieved by tube. 
The evisceration following colostomy has been 
described elsewhere as an argument against 
colostomy in the presence of severe distention. 


DECOMPRESSION 


Transverse colostomy will decompress the 
colon more rapidly and will make subsequent 
cleansing easier than will cecostomy. This was 
borne out in the present series in which the 
patient was noted in the chart to be decom- 
pressed on an average of 4.5 days following 
colostomy as compared with 7.1 days following 
cecostomy. There was one instance in each 
group in which the patient died without be- 
coming decompressed. In many instances fol- 
lowing severe degrees of distention, the colon 
undoubtedly lost its tone and remained large 
even though vented. It proved helpful in such 
instances to pass a tube such as is used in 
decompressing the small bowel, inserting it 
through the cecostomy in place of the original 
cecostomy tube. 

Even though colostomy was superior in speed 
of preparation of the bowel, it proved more 
hazardous than cecostomy in this series in the 
presence of severe distention, as previously 
indicated. In the absence of an inflammatory 
obstruction complete diversion of the fecal 
stream is desirable but not essential. Patient 
and persistent irrigation through the cecostomy 
and by rectum afforded adequate preparation 


326 


tet co 


19) 
t 
P 


of the colon in most instances and the obstruc- 
tion frequently opened and allowed passage of 
gas or stool per rectum. This was noted in the 
chart to occur in fourteen or 27.5 per cent of 
patients following cecostomy and two or 8.4 per 
cent following colostomy. There undoubtedly 


TABLE VII 
COMPLICATIONS FOLLOWING DEFINITIVE SURGERY 


Type Cecostomy | Colostomy 

Wound infections.......... 4 I 
Small bowel obstruction... . 2 
Evisceration.............. I 

Total definitive surgery. .. 37 14 

er 21.5 14.3 


were instances in which it occurred but was not 
recorded. In six or 16.2 per cent of the definitive 
resections following cecostomy, the operator 
mentioned a discrepancy in the size of the 
colon or stool in the proximal colon which 
caused technical difficulties but in none of 
these was there any significant postoperative 
complication. 


COMPLICATIONS FOLLOWING DEFINITIVE 
SURGERY 


Thirty-seven patients who underwent cecos- 
tomy and fourteen who underwent colostomy 
had subsequent resections. Almost all of the 
patients undergoing colostomy had an open 
resection and anastomosis. In the group which 
underwent cecostomy there were two abdomi- 
nal perineal resections and the remainder were 
evenly divided between an open or closed anas- 
tomosis. Table vir shows that patients under- 
going colostomy had fewer complications, eight 
or 14.3 per cent as compared with two or 21.5 
per cent for the group which underwent cecos- 
tomy. One patient who underwent cecostomy 
died following evisceration and another died 
following laparotomy for a suspected small 
bowel obstruction which proved to be a para- 
lytic ileus. Whether or not the initial decom- 
pressing procedure had any bearing on such 
complications following definitive resection is 
subject to question; they are presented as part 
of the over-all picture. 
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CLOSURE 


Spontaneous closure is a desirable feature 
often emphasized by advocates of cecostomy 
because it avoids a subsequent operation with 
possible complications and as a rule it shortens 
the hospital stay. In times of high cost of hos- 


TABLE VIII 
SKIN VERSUS NON-SKIN CECOSTOMY CASES 
Factors Skin Non-skin 

Delayed opening.............| 22 
Wound infection............. 3.7% 12.5% 
Days to decompress.......... 6.4 7.5 
Spontaneous closure..........| 30% 61% 
Leaked following closure..... . o 22% 


pitalization, these considerations take on in- 
creasing importance. Some proponents [5] of 
colostomy meet this problem by closing the 
colostomy at the time of resection. 

Forty-six per cent of all cecostomies in which 
the patient underwent definitive resection 
closed spontaneously. This figure increased to 
61 per cent for those in which the cecum was 
not sutured to skin and dropped to 30 per cent 
when the cecum was sutured to skin. (Table 
vu.) When spontaneous closure was allowed to 
take place, the average hospital stay following 
definitive resection was twenty days as com- 
pared with forty-one days for colostomy and 
forty-nine days for cecostomy when closed 
surgically. Many of the patients who had spon- 
taneous closure were discharged before com- 
plete closure which required an average of 
thirty-five days. 

Surgical closure was followed by leakage in 
four or 11.4 per cent of cecostomies and one or 
7 per cent of colostomies. The leak closed spon- 
taneously in the colostomy closure and in one 
cecostomy. It required subsequent surgical 
closure in two of the cecostomies and resulted 
in septicemia which was a contributing factor 
in the death of the fourth patient. Failure in 
the four cecostomy closures could be attributed 
to inadequate mobilization of the cecum. Proper 
closure calls for preliminary preparation of the 
bowel and sufficient mobilization to permit a 
two-layer closure of the cecum and replacement 
below the peritoneum. 
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COMPARISON OF SKIN VERSUS NON-SKIN 
CECOSTOMY 


These two methods of cecostomy are de- 
scribed in the foregoing section subtitled Tech- 
nic and are compared in Table vit. Significant 
wound infections occurred in 3.7 per cent of the 
skin and 12.5 per cent of the non-skin group. 
It is interesting that within the skin group, the 
one infection occurred in a patient with delayed 
opening; there were no infections in the five 
skin cecostomies opened without delay. There 
was no significant difference in mortality or in 
the number of days required to become de- 
compressed. Thirty per cent of the skin group 
closed spontaneously whereas 61 per cent of 
the non-skin cases did so. The former figure 
seemed surprisingly high and the latter low. 
Many more in the non-skin group would prob- 
ably have closed spontaneously had they been 
given time to do so. None of the skin cecos- 
tomies leaked following surgical closure, all of 
the four which did being non-skin cecostomies. 
As previously mentioned, these failures were 
attributed to inadequate mobilization of the 
cecum at the time of closure. 

It would thus appear that the primary ad- 
vantage of suturing cecum to skin was the low 
incidence of local infection. Delay in opening 
apparently was not a factor in avoiding infec- 
tion. The advantage of fewer infections in the 
skin group was offset by the necessity of surgi- 
cal closure twice as often as in the non-skin 
group. 


CONCLUSIONS 


This study has led the author to the following 
conclusions regarding the management of acute 
malignant obstructions of the left colon in this 
large county hospital: 

1. Cecostomy was the safest and simplest 
procedure in the presence of severe distention 
in poor risk patients and should be used in 
such cases. 

2. Cecostomy was followed by a higher in- 
cidence of wound infections. This was lowered 
by suture of the cecum to skin. Delay in open- 
ing the cecum did not further diminish infection 
and is therefore not necessary. 

3. Transverse colostomy decompressed the 
colon faster and made subsequent cleansing 
easier than cecostomy. 

4. Patient and persistent irrigation through 
the cecostomy and by rectum afforded adequate 
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preparation for definitive surgery in most 
instances. 

5. Cecostomy was followed by spontaneous 
closure in 30 to 60 per cent of cases, de- 
pending upon whether or not the cecum was 
sutured to skin. 

6. Those instances in which surgical closure 
of the cecostomy broke down and leaked were 
due to inadequate mobilization of the cecum. 

7. Exclusive of those poor risk patients with 
severe distention, the choice between colostomy 
and cecostomy, and if the latter the type of 
cecostomy, must be determined by the sur- 
geon’s evaluation of the previously cited fac- 
tors. It can be narrowed down to whether 
spontaneous closure is to be sacrificed for 
diminished wound infection and ease of prepa- 
ration or vice versa. 


SUMMARY 


Seventy-five cases of acute obstruction of 
the left colon requiring emergency decom- 
pression which occurred at the San Francisco 
Hospital between July, 1947 and July, 1957 
are reviewed. Cecostomy was performed 1 
fifty-one and colostomy in twenty-four in- 
stances. The over-all mortality in cecostomy 
was 13.5 per cent and in colostomy 25 per cent. 
Complications following cecostomy were 14 per 
cent as compared with 8 per cent for colostomy, 
wound infection being the most common. The 
average time required for decompression was 
four and a half days for colostomies and seven 
days for cecostomies. Forty-six per cent of 
cecostomies closed spontaneously. Complica- 
tions following operative closure were II per 
cent in cecostomies and 7 per cent in colos- 
tomies. The various factors influencing these 
results are discussed and conclusions from the 
study are enumerated. 
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DISCUSSION 


Leon GotpMAN (San Francisco, Calif.): Dr. 
Westdahl has attempted to determine whether 
cecostomy or colostomy is a better procedure to 
institute decompression of the bowel by a study of a 
series of patients with acute obstruction of the 
left colon. His survey over a ten-year period 
reveals a lower mortality rate associated with 
cecostomy although its incidence of complications 
was slightly greater. His figures show that cecos- 
tomy was performed in 95 per cent of the cases, 
88 per cent of which were of the blind type, on the 
California Service. 

Blind cecostomy has been utilized because of its 
ease of performance, suitability for local anesthesia, 
avoidance of abdominal exploration, easy subse- 
quent closure when necessary and because we feel 
that complete diversion by transverse colostomy is 
not necessary. However, attention must be paid 
to certain clinical and technical considerations in 
order to avoid certain pitfalls. 

Volvulus or intussusception of the colon must be 
ruled out as any blind procedure is contraindicated 
in these cases. There must be no question of the 
diagnosis of simple mechanical obstruction of the 
left colon proved by history, abdominal and rectal 
digital examination, plain abdominal films, sig- 
moidoscopy and barium enema, if necessary. Once 
this diagnosis is made one should not await decom- 
pression by intestinal intubation as this is without 
benefit if the ileocecal valve is competent, produc- 
ing a closed loop and it may be time consuming and 
ineffective if the valve is not competent. 

Transverse colostomy is preferred if there is ob- 
struction from acute diverticulitis with abscess or 
fistula, if perforation is present and if the patient 
is to retain the diversion for a long period of time. 
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As soon as intestinal intubation and fluid replace- 
ment is started cecostomy should be carried out in 
all other cases. Delay often permits the colonic dis- 
tention to increase and embarrass vital functions 
thereby. Many of the complications may be 
avoided by certain technical cautions. Technical 
errors consist of incomplete exteriorization or in- 
adequate mobilization of the cecum so there is 
tension and tearing of its wall; lack of careful 
fixation may result in retraction; placement of 
buried sutures between the cecum and the wound 
may result in infection of the wound and delay in 
opening cecum invites further distention. Tube 
cecostomy is usually inadequate for this purpose, 
so that the skin type is preferred. 

Our practices and experiences are borne out by 
these statistical data reported by the author, with 
the findings of which we find ourselves in complete 
agreement. 

E. MacMauon (Seattle, Wash.): I 
think there are two or three points that should be 
clarified, and although I would not like to discuss 
the matter of the preference of cecostomy in con- 
trast to colostomy, | think it might be well to dis- 
cuss for just a moment the methods of doing a 
cecostomy. 

In 1938, Dr. Arthur Allen, in The American 
Journal of Surgery, wrote of his experience with 
cecostomy as performed by him at the Massa- 
chusetts General Hospital, and I think the proce- 
dure is still being carried out in the same fashion. 
This cecostomy that Dr. Westdahl has reported— 
it seems that all the cecostomies performed and if 
this is not correct I would like to hear about it— 
consisted of some type of fixation of the cecum, 
either to the peritoneum or to the skin and in many 
instances mobilization of the cecum was a part of 
the procedure. I think this is absolutely unneces- 
sary, and in the cecostomies that I have carried out 
myself and I believe by any surgeon trained in the 
Massachusetts General Hospital, it has never been 
found necessary to mobilize the cecum. 

The point is that a large tube cecostomy is per- 
formed and the caliber of the tube is of great im- 
portance in effective decompression of the bowel. 
Cecostomies of this type invariably close spon- 
taneously. You avoid unnecessary manipulation 
of the large bowel; I am certain that if that type of 
mobilization and manipulation of distended, friable 
cecum in the face of left colon obstruction was 
carried out, many of the complications reported 
and difficulties met would not have occurred. 

I would close by saying that I am certain that 
attention to the technical details outlined so clearly 
by Dr. Allen, if they are followed—a large tube 
cecostomy without manipulation of the cecum— 
will prove more satisfactory. 

Puitip R. WestpAut (closing): | wish to thank 
the discussers, Dr. Goldman and Dr. MacMahon. 
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I would like to comment on what Dr. MacMahon 
had to say about cecostomy. To read operative 
notes that you have not written yourself and to 
interpret the amount of difficulty encountered is 
sometimes fallacious. However, it was significant to 
me that there was only one case in which the 
resident described technical difficulty in performing 
his cecostomy. This was a patient with a severely 
distended cecum in which, in attempting to decom- 
press it, the resident encountered a lot of spillage, 
so much so that he commented that this patient 
was probably destined to peritonitis. Strangely, it 
did not occur. 

It was interesting to me in reading the literature 
that probably the greatest objection to cecostomy 


is the possibility of contamination of the peritoneal 
cavity. In no case was peritonitis encountered in 
the cecostomies. I thought that was extremely 
significant. 

I would like to comment on the type of tube. Our 
residents complain bitterly about various tubes. As 
you know, a Pezzer catheter which has a large 
diameter on the stem has a hole about a third the 
size, which actually makes it much less efficient. 
We have used these predominantly. We have 
attempted in a few cases to use nephrostomy tubes 
which are of equal bore throughout but the right 
angle did not prevent the tubes from slipping out 
as well as a mushroom catheter will. 

Once again I would like to thank the discussers. 
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Improving the End Results in Cancer of the 
Rectum and Colon 
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From the Department of Surgery, Stanford University 
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California. 


Ww great advances have been made in 
colonic surgery, there has been only slight 
improvement in the number of patients cured 
of cancer of the rectum and colon. A reported 
30,000 individuals die annually from this 
disease [1]. 

We believe that greater emphasis must be 
placed upon early detection of this disease while 
it is still localized to the bowel wall and thus 
amenable to cure by the accepted radical surgi- 
cal procedures. The frequency of malignant 
disease of the bowel is higher in people with a 
family history of intestinal malignancy and 
also in those who have already had carcinoma 
of the bowel. Such persons should be observed 
carefully and periodically for evidence of neo- 
plasm of the bowel, even though symptoms of 
such disease are not present. It is equally im- 
portant to detect and eradicate the precursor of 
cancer of the bowel, the adenomatous polyp. 


INCIDENCE 


_ It is well known that cancer of the lower 
intestinal tract is common. In fact, of all in- 
ternal organs common to both sexes, carcinoma 
of the rectum and colon has the highest fre- 
quency. There are also more deaths from 
malignancy in this organ than for any other 
region in the body [2]. 


CURRENT RESULTS 


It is generally assumed that the end results 
for cancer in this organ are reasonably satisfac- 
tory. Review of the literature, however, reveals 
a considerable discrepancy in reported figures, 
varying from 10 to 50 per cent for five-year 
survival rates [3-5]. The national average is 


probably about 22 per cent. This is the recorded 
figure obtained from representative groups and 
persons collaborating for the Third National 
Cancer Conference in Detroit in 1956 [6]. The 
California Tumor Registry reports a 20 per cent 
five-year non-recurrence rate [7]. This means 
then that only one patient in five is cured. 
Compared with the end results of treatment of 
cancer of other organs, this figure is not too 
unfavorable. However, this average is well 
below the result that could be obtained if every 
facet of cancer control now available were 
utilized by all physicians. In the experience of 
some authors, including ourselves, a five-year 
survival rate of over 50 per cent has been pos- 
sible by utilizing all presently known methods 
for early detection and surgical eradication of 
this disease. 

Numerous pathological studies, especially 
those by Dukes [5] and Gilchrist and David [8], 
have clearly shown that when the lesion is still 
localized to the bowel wall, the five-year sur- 
vival rate is 80 per cent or better. When, how- 
ever, there has been extension beyond the 
bowel wall to the lymph nodes, this percentage 
is reduced by half. Unfortunately, a majority 
of cases coming to surgery falls in the latter 
group. 

At the present time there is an average delay 
of nine months between the onset of symptoms 
and definitive surgery. Physicians and patients 
alike share the responsibility for this delay. 
Although there are many determining factors 
involved, every effort should be made to avoid 
delay in the diagnosis of this disease, since 
there is no predictable time when the individual 
lesion becomes incurable. 

During the past two decades there has been 
more than a 45 per cent decrease in the mortal- 
ity rate from uterine cancer [10]. This decrease 
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1. Case 1. Shows a single, 2 cm., pedunculated, 
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adenomatous polyp in lower descending colon. 


has been due, in part, to the more universal 
examination of this organ, even in the absence 
of symptoms. Now, exfoliative cytological 
screening tests make it even more probable that 
localized cervical cancer will be detected more 
frequently in the future. Similar improved re- 
sults could be expected for intestinal cancer 
if the same amount of effort were expended in 
more routine examination of this accessible 
organ. 

It is our Intention to suggest several ways in 
which carcinoma can be detected in an earlier 
stage. These suggestions will be discussed under 
the following headings: periodic examination of 
those over forty years of age; bowel examina- 
tion when there is a family history of intestinal 
malignancy; lifetime follow-up on all patients 
with neoplasm of the bowel; and prompt and 
adequate examination of all patients with rectal 
bleeding to establish the source. 

Periodic Examination of Those Over Forty 
Years of Age. Most physicians are seeing an 
increased number of patients for an annual 
check-up examination. The nature of such an 
examination varies considerably with each 
physician and depends upon the time available 
and certain economic limitations. Routine 
proctoscopy in the absence of sy mptoms is 
seldom carried out as part of such an examina- 
tion, but this examination offers an unusual 
opportunity to detect early cancer in an accessi- 
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ble organ that is frequently involved with this 
disease. Of equal significance is the opportunity 
to discover and eradicate a precancerous lesion, 
that is, an adenomatous polyp, which is the 
precursor of most, if not all, intestinal cancers. 
In the past decade there has been a marked 
interest on the part of large industrial concerns 
in safeguarding their key personnel by periodic 
health examinations. While such examinations 
have their limitations, they do, in many 


instances, reveal conditions otherwise un- 
suspected. Routine proctoscopic examination 
is now included more frequently in such 
examinations. 


Crumpacker et al. [70] have found routine 
proctoscopic examination the most valuable 
single procedure employed in routine periodic 
health examinations. They rate proctoscopy as 
superior to the routine chest film and blood 
count in detecting the more potentially serious 
but correctable diseases of persons examined. 

Many similar studies have revealed an ade- 
nomatous polyp in about ro per cent of persons 
examined. A small percentage of such polyps 
already have developed early malignancy and 
a very high percentage of such patients have 
been cured by accepted surgical procedures. 

Persons in whom proctoscopic examination 
reveals a polyp should undergo roentgenologic 
examination to determine if there are any 
polyps present in the abdominal colon. In our 
experience such additional polyps have been 
found in one of six patients examined. 


Case 1. C. B., a forty-eight year old male ex- 
ecutive, submitted to an annual company-spon- 
sored physical examination. Proctoscopic examina- 
tion revealed a 1 cm., cherry red, lobulated polyp 
in the rectum, which was readily removed. Barium 
studies of the abdominal colon revealed a 2 cm. 
polyp in the lower descending colon. (Fig. 1.) This 
was removed by colotomy and polypectomy and, 
on microscopic examination, was benign. This pa- 
tient should and will be followed up subsequently 
with yearly proctoscopic examination and periodic 
air contrast studies of the abdominal colon. 


In 1956 Bolt et al. [17] reported on the 
periodic health examination of 500 General 
Motors executives over a five-year period. 
Sigmoidoscopy revealed three frank carci- 
nomas, and 10 per cent of those examined had 
an adenomatous polyp. All of these patients 
had no symptoms referable to the polypoid 
lesion. 
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Bowel Examination When There is a Family 
History of Intestinal Malignancy. While it is 
generally accepted that human cancer is not 
inherited, our ‘experience, along with others, 
indicates that the incidence of malignant or 
premalignant neoplasm is considerably greater 
in those persons with a family history of intes- 
tinal cancer. 

This conclusion is supported by the investi- 
gation of geneticist Madge Macklin [12] of 
Ohio State University, who concludes there is 
two and a half times the expected incidence of 
bowel cancer in families with a family history 
of intestinal malignancy. 

Woolf and co-workers [13], of the Laboratory 
of Human Genetics at the University of Utah, 
have reported the study of a family in which 
there were four cases of intestinal malignancy 
in the second generation. The third generation 
was then studied by sigmoidoscopy, and a 
solitary adenomatous polyp found in about 
one-half of the sixty members examined, or 
more than five times the expected frequency in 
the average population. Furthermore, re- 
examination of these persons twelve months 
later showed they had a tendency to form new 
solitary adenomatous polyps. 

We suggest that all members of the imme- 
diate family of a patient with intestinal malig- 
nancy be examined for the possibility of an 
intestinal neoplasm being present and periodic 
observation continued. 


Case u. Mr. R. died at the age of eighty-five 
from an inoperable carcinoma of the rectum. His 
son, a fifty-five year old physician, sought medical 
advice for obvious hemorrhoids. Routine proc- 
toscopy revealed a 214 cm. polyp with early 
malignancy high in the rectum. In a thirty year old 
grandson an acute anal fissure developed and rou- 
tine proctoscopy disclosed a small, 4 mm., sessile, 
adenomatous polyp high on the anterior rectal 
wall [78]. 


Case ut. Dr. Y., a forty-seven year old physi- 
cian, has a definite family history of intestinal 
malignancy. (Fig. 2.) His mother, grandmother and 
six aunts or uncles have had intestinal carcinoma. 
One of the latter was recently operated upon by 
Dr. Y., after only two weeks of symptoms, but died 
of his disease six months later. You may be sure 
that Dr. Y. is having frequent proctoscopic and 
barium enema studies. 


Case iv. M. C., a forty-two year old married 


woman, consulted an internist for- vague gastro- 
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intestinal complaints. Physical examination and 
roentgenologic study of the gastrointestinal tract 
were reported normal. Further review of the films 
raised the suspicion of a possible adenomatous 
polyp in the sigmoid colon. This possibility was 
increased on obtaining additional history of very 
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Cancer of rectum __ alive 


Fic. 2. Case 1. Family background of Dr. Y. (indi- 
cated by “?”’), 


infrequent rectal bleeding which had been at- 
tributed to hemorrhoids. The family history re- 
vealed that both the mother, age eighty, and a 
sister, age forty-three, had died of intestinal 
malignancy. Air contrast studies confirmed the 
presence of a 2 cm. polyp in the sigmoid colon 
which was removed by colotomy and on micro- 
scopic examination was benign. This patient will 
be followed up during her lifetime by periodic 
sigmoidoscopic and roentgenologic examination. 


Lifetime Follow-up on all Patients with Bowel 
Neoplasm. Every patient who has had cancer 
of the bowel should have a lifetime follow-up 
because of the possibility of developing a second 
carcinoma; the chances are one in ten, which is 
100 times greater than in the average adult [77]. 
Realization of this increased potential should 
be an incentive to look for early asymptomatic 
carcinoma while it is still localized. Similarly, 
every patient who has had a benign polyp 
should have a lifetime follow-up in order to 
detect others that might arise. Destruction of 
such lesions, when confined to the mucous 
membrane, is a relatively simple procedure and 
may avoid a far more radical operation. 


Case v. J.S., in 1948 at the age of sixty-four, 
had a solitary benign polyp removed from the 
sigmoid colon by colotomy and polypectomy. He 
discontinued follow-up observation after one year. 
He was next seen after an interval of five years 
(1954) and at that time had an advanced carcinoma 
of the rectum which was removed by radical ab- 
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Fic. 3. Case vit. Air contrast examination of colon. This 
film is one of approximately fifty obtained during five 
examinations. No conclusive organic lesion was demon- 
strated at any time during period of observation. 


dominoperineal resection. He died of recurrent 


disease in 1957. 


Case vi. L. M., a forty-eight year old married 
woman, underwent proctoscopy at Stanford Clinic 
in 1935 because of constipation. At 14 cm., a I cm., 
non-ulcerated, pedunculated polyp was found. The 
patient did not return and this polyp was never 
removed. Eighteen years later (1953) she was found 
to have a typical carcinoma of the upper rectum 
which required en bloc resection of both the uterus 
and rectum. Microscopic study, by Dr. David 
Wood, revealed a typical rectal carcinoma con- 
tiguous with a remnant of a benign adenomatous 
polyp at the exact site of the original polyp. 


Other authors [14,15] have reported malig- 
nancy appearing in persons who had refused 
treatment for known polyps in the rectum. 
The time interval was three, six, eight, sixteen 
and nineteen years later. 

It is also important to consider the possibility 
of a second colonic neoplasm at the time of 
operation for a known carcinoma. Mayo and 
Schlicke [16] report that in postmortem exami- 
nations done shortly following colonic surgery, 
in 5 per cent of the cases a second carcinoma 
had been overlooked and in 37 per cent of the 
cases an unsuspected polyp had been present. 
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With the improvement in the technic of 
radiologic examination of the abdominal colon, 
detection of adenomatous polyps is greatly 
increased. At the present time 50 per cent of 
all our colonic operations for neoplasm are 
being performed for the removal of one or more 
colonic polyps. This experience represents a 
tenfold increase during the past five years. 

We have found it necessary to perform a 
second operation for the removal of an addi- 
tional polyp in twelve patients. It is not known 
whether these lesions were originally over- 
looked or were new growths. Colonoscopy of 
the entire large bowel at the time of removal of 
a colonic polyp 1 is now a routine procedure in 
our experience and has increased the detection 
of additional unsuspected polyps about 50 per 
cent. If one or more polyps are found in 
two of the three major segments of the ab- 
dominal colon, abdominal colectomy with 
anastomosis of the ileum to the rectosigmoid 
is recommended. 

Our practice is to advise annual proctoscopic 
examination for all patients with a history of 
intestinal neoplasm. When polyps are found to 
recur frequently, a semiannual examination is 
advised. Periodic radiologic studies of the ab- 
dominal colon are done every second or third 
year, or sooner if indicated. 

It is especially important to investigate all 
family members when diffuse polyposis is dis- 
closed. Not infrequently this disease will be 
detected in the offspring at an early age and is 
an indication for abdominal colectomy with 
anastomosis of the terminal ileum to the recto- 
sigmoid. This procedure has been performed, to 
date, in ten children under ten years of age, 
with very satisfactory results. The remaining 
rectal stump should be closely observed for life 
and all new polyps should be destroyed. 

Prompt and Adequate Examination of All 
Patients with Rectal Bleeding to Establish the 
Source. It is especially true that the fate of 
such patients often rests with the first physician 
consulted. Too frequently after external in- 
spection and digital examination the patient Is 
falsely reassured until the further passage of 
time makes it obvious that further study ts 
indicated. All patients with a history of having 
passed blood per rectum require sigmoidoscopy 
to detect a neoplasm beyond the reach of the 
finger as a source of bleeding. This is equally 
true even though bleeding is infrequent or 
trivial in amount. 
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If no adequate explanation of bleeding is 
found, roentgenologic examination of the ab- 
dominal colon is required. It should be unneces- 
sary to remind any medical audience that a 
negative barium enema in no way rules out 
neoplasm in the rectum. Air contrast studies 
are unquestionably more satisfactory than 
ordinary Opaque x-rays in detecting intra- 
luminal polyps. All patients, if bleeding con- 
tinues, are requested to return without prepara- 
tion for repeat sigmoidoscopy to determine 
more accurately if bleeding is coming from 
beyond the reach of the proctoscope. When 
bleeding continues and can be demonstrated 
to be coming from a higher level, exploratory 
laparotomy is indicated in spite of repeated 
negative x-ray studies. The diagnostic accuracy 
of barium enema examination is not more than 
go per cent for well established carcinoma and 
less accurate for adenomatous polyps. 


Casevil. Mrs. D., a fifty-five year old woman, 
passed small amounts of bright red blood per rec- 
tum and was advised to have a proctoscopic ex- 
amination by her physician. There were no other 
symptoms. This advice, however, was not acted 
upon until nine months later. On examination no 
certain source for bleeding was found except a very 
small amount of bloody mucus at the highest level 
of sigmoidoscopy on two occasions. Two satisfac- 
tory air contrast examinations of the abdominal 
colon failed to reveal a source of bleeding. (Fig. 3.) 
Nevertheless, exploration was advised. A further 
delay of six months then occurred while the patient 
sought other opinions and submitted to three more 
barium enema examinations, all of which were 
negative. Sixteen months after seeing the first 
doctor, exploration was performed and a typical, 
firm carcinoma, 314 cm. in diameter, was found in 
the sigmoid colon. Fortunately, the disease was still 
localized with the lymph nodes uninvolved, and a 
five-year follow-up to date has been uneventful. 


CONCLUSIONS 


1. Detection of carcinoma of the rectum and 
colon at an earlier stage offers the greatest hope 
for improvement of end results. More frequent 
and earlier use of sigmoidoscopic examination 
offers a unique opportunity to detect early 
malignancy. 

2. The cure rate of this disease could prob- 
ably be doubled if all facets of cancer control 
now known were utilized. 

3. The hazard of malignant disease of the 
bowel is greater in persons with a family history 
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of malignancy of the bowel or in those who have 
already had an intestinal carcinoma. Such per- 
sons should be periodically examined over a 
lifetime. 

4. The detection and eradication of intestinal 
polyps in otherwise normal persons offers a 
great challenge in cancer prophylaxis. 
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DISCUSSION 
Cates S. Srone, Jr. (Seattle, Wash.): Drs. 


Klein and Scarborough’s paper is extremely impor- 
tant and focuses our attention on certain facets of 
the problem of cancer of the colon and rectum, rigid 
attention to which will constitute a real contribu- 
tion to the prevention and control of cancer of the 
large bowel. 

The frequency of cancer of the colon and the 
rectum and the relatively poor five-year survival 
rates are further emphasized by Steiner’s recent 
estimate that the large bowel is the most frequent 
site for the occurrence of cancer causing death. 
As was pointed out by the authors, early diagnosis 
and treatment of cancer of the bowel is most im- 
portant in improving survival rates. 

The significance of the adenomatous polyp as a 
precursor to carcinoma is well established. Their 
behavior pattern in general indicates the purpose 
of early detection and eradication in the prevention 
and control of cancer of the colon and rectum. 

Although polyps may suddenly develop and 
rapidly progress to frank mural cancer, the develop- 
ment of polyps in general precedes the appearance 
of cancer by a goodly margin of time. This time 
lag has long been recognized in familial polyposis 
but is not as widely appreciated in consideration of 
polyps in general. 

The significance of this time lag is suggested by 
study of our material collected from July 1949 to 
July 1957. 

The percentage incidence of benign polyps, 
malignant polyps without invasion of the stalk or 
bowel wall and frank mural carcinoma was plotted 
against the decade of life in which the diagnosis was 
made. A time lag of about ten years was shown 
between the average age of the development of 
polyps and that of cancer. This observation lends 
further emphasis to the importance of routine sig- 
moidoscopic examination as part of every complete 
physical examination especially (1) in patients with 
a family history of gastrointestinal malignancy and 
(2) those with gastrointestinal complaints. The 
reward of such a procedure is well illustrated by 
our recent experience. During the past three years 
2,793 patients have had such routine examinations. 
Of these, 150 patients were found to harbor ade- 
nomatous polyps, an incidence of 5.3 per cent. This 
is somewhat lower than our finding in an earlier 
study done at a time when routine sigmoidoscopic 
examination was less freely practiced. 

Malignancy within the polyp was noted in 
twenty-one cases, an incidence of 14 per cent. This 
figure is in keeping with that noted in our former 
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study as well as with figures reported recently by 
other authors. 

A single polyp was found in 100 instances, multi- 
ple polyps in fifty, an incidence of multiplicity in 
this area of the bowel of 33 per cent. This figure is 
identical with the incidence of satellite polyps 
found in conjunction with frank carcinoma. 

This high rate of multiplicity of polyps supports 
the demand for periodic examinations of the upper 
colon in addition to sigmoidoscopy ‘n all patients 
who have had polyps, or who have been operated 
upon for cancer of the colon with hope of cure. 

A single case report will illustrate the time lag 
in the development of cancer from a polyp, some- 
thing of the behavior pattern of polyps, the impor- 
tance of follow-up examinations and finally the 
wisdom of total colectomy in selected patients who 
harbor polyps in different segments of the colon. 


A fifty-eight year old man with a strong family 
history of gastrointestinal cancer was subjected to 
right colectomy in 1950 because of carcinoma of the 
right transverse colon. Satellite polyps were numer- 
ous, some showing malignant change. A_ benign 
rectal polyp was found and removed at this time. 

One year later x-ray evidence of a single polyp 
in the sigmoid led to exploration. Endoscopy 
showed additional polyps in the sigmoid because 
of which sigmoid resection was performed. All the 
polyps in this section showed carcinoma with in- 
vasion of the stalk of the polyp. Endoscopic 
examination of the remaining colon showed no 
other polyps present. Periodic x-ray studies of 
the colon and sigmoidoscopic examination were 
done at least annually. Five years following the 
sigmoid resection there was x-ray evidence of 
polyps in the remaining colon. 

The entire remaining colon was removed and 
ileoproctostomy performed. All of the polyps in 
this final section of the colon were benign. These 
polyps were all small and were of a similar size, sug- 
gesting simultaneous recent development of all 
of them. 


A wiser and safer procedure in this case would 
have been total colectomy and ileosigmoidostomy 
at the time of the second resection because of polyp 
formation in more than one area of the colon. 

I am in agreement with Drs. Klein and Scar- 
borough in their recommendation for total colec- 
tomy in selected patients when polyps involve 
more than one of the three main divisions of the 
colon. 

It was a great pleasure to read Drs. Klein and 
Scarborough’s manuscript and to have had the 
privilege of discussing their excellent paper. 

CarRLETON MaTHEwsoNn (San Francisco, Calif.): 
I would like to ask how accurate colonoscopy is at 
the time of operation. As we know, all of our 
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methods are relative and open to great error, 
particularly x-ray examination. 

| recently had a patient who was found to have 
six benign polyps in the rectum. X-ray revealed 
two other polyps in the sigmoid colon. This patient 
was operated upon and the two polyps in the sig- 
moid were quite evident. Colonoscopy was per- 
formed so accurately that we were able to visualize 
the scar of an appendectomy in the cecum. 

Because there were only two polyps in the left 
colon we removed it. However, just as we were 
anastomosing the open end of the transverse colon 
to the rectum, a polyp appeared in the open end of 
the colon which had been overlooked. Because of 
the multiplicity of polyps we resected the right 
colon, and in this specimen found not only other 
small polyps in the right colon but also an addi- 
tional carcinoma. 

RusseE.y R. Kern (closing): We have not been 
routinely proctoscoping the entire colon at the 
time of resection for an obvious carcinoma. Per- 


haps our feeling on that will change in the future. 
However, if there is a benign lesion or multiple 
lesions, we usually do. I do not think there can be 
any question but that it certainly prolongs the 
operation if you make additional incisions in the 
colon. | am not aware that our results indicate an 
increased morbidity with this more prolonged 
operative time. 

So far as Dr. Mathewson’s question is concerned, 
we believe that colonoscopy is a valuable adjunct. 
As I recall the figures, we used to find, by palpation 
alone, an additional 10 per cent of unsuspected 
polyps on careful palpation of the entire abdominal 
colon. This may be an easy task or a rather difficult 
one, depending upon preparation and the obesity 
of the patient. 

Now, with more or less routine colonoscopy, this 
percentage of unsuspected polyps has been in- 
creased to 50 per cent. 

I want to thank the discussers, particularly 
Dr. Stone. 
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Treatment of Complete Rectal Prolapse 
and Its Complications 


H. S. Forp, M.p., F.R.c.s. (Cc) AND J. D. STENSTROM, M.D., F.R.C.S. (C), Victoria, British 


HERE are almost as many surgical ap- 
p pens to the treatment of complete 
rectal prolapse as there are surgeons reporting 
their experiences. The relative importance of 
the various etiological and anatomical factors 
concerned are interpreted in many different 
ways and are in a large part responsible for the 
variety of surgical methods used. The over-all 
results of treatment have been discouraging 
both to surgeons and to their patients. 

It is generally agreed that complete or mas- 
sive rectal prolapse is a protrusion of all layers 
of the rectum through the anal sphincter and 
having anteriorly a peritoneal sac. It is in the 
form of an intussusception and may be con- 
sidered to be a type of sliding hernia. 

Etiology. A deep cul-de-sac of Douglas [1], 
weakened or damaged pelvic fascia and levator 
muscles, and possibly an abnormally mobile 
rectum [2] are generally considered to be impor- 
tant factors producing this condition. The pa- 
tients are frequently either debilitated, aged or 
unduly obese. In children excessive straining 
from constipation or severe diarrhea is a com- 
mon finding. One would expect the stresses of 
childbirth to be a significant factor in weaken- 
ing the pelvic supports, but figures from St. 
Mark’s Hospital [3] deny this. Straightening 
of the normal backward curve of the rectum is 
thought to be very important in the child [4], 
with its anatomically flat lumbar curve, and 
has very probably some significance in the 
adult in whom the normal rectal curve is lost 
from relaxation of the supporting ligaments [5]. 

The foregoing etiological factors have general 
support. The difficulty arises in attempting to 
assign the significance of one or all of these to 
any particular patient. 

Clinical and Anatomical Features. Complete 
rectal prolapse is easily recognized. The pa- 
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tient, usually a female, complains of a large 
mass which protrudes from the anus, often on 
very slight straining. There is bleeding, dis- 
charge of mucus and varying degrees of pain. 
The majority of these masses must be replaced 
manually. The patient is by no means always 
incontinent [3]. On examination, as the patient 
strains, one notes first that there is a patulous 
anus with reduced muscle tone; then the 
perineum anterior to the rectum bulges. This 
is followed by beginning protrusion of the ante- 
rior rectal wall through the sphincter. Suddenly 
the whole prolapse appears with a rush. The 
lumen of the bowel will be found to point some- 
what posteriorly. The anterior portion is 
thicker and larger than the posterior. The 
mucosa is wrinkled in transverse folds; ulcera- 
tion may be seen. Digital examination reveals 
the walls to be thick, as they consist of two 
layers of bowel. Occasionally, in front, a soft 
gurgling from a loop of small bowel prolapsed 
into the hernial sac may be detected. 

Anatomically, the features which present 
from below are the lax dilated sphincter, the 
double lumen intussusception of bowel and the 
weakness of the perineum anteriorly. From 
within, the peritoneal cul-de-sac of Douglas is 
very deep. The rectum has a long loose attach- 
ment to the sacrum; indeed, this is often de- 
scribed as a short mesentery. The rectosigmoid 
mesentery is long, the sigmoid colon large and 
redundant. There is a defect in the support 
provided by the pelvic fascia and the levator 
muscles. This defect is felt anteriorly to the 
rectum. 

Treatment. In order to evaluate any surgical 
approach to this problem one must first review 
the lessons and experience of the past and assess 
the strength and weaknesses of the methods 
utilized. Wright lists thirty-six different proce- 
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dures that have been extensively employed. Of 
these, relatively few have been reported in 
sufficient numbers that a study of any sig- 
nificance can be made. The operative proce- 
dures fall into three groups, namely, those done 
from above, those from below, and those with a 
combined approach from above and below. Of 
the operations from below, one of the most 
popular is simple amputation of the prolapse, 
which is used largely for elderly or poor-risk 
patients. The Lockart-Mummery [6] procedure 
of packing the retrorectal space from below has 
proved ineffectual. Rectosigmoidectomy [7,8] 
with and without attempts at repair of the 
pelvic floor has been used quite extensively. 
Operations from above, which are now becom- 
ing more popular, are numerous and have many 
minor variations in essentially similar proce- 
dures, making exact comparisons and grouping 
difficult. The original Moschowitz [1] procedure 
of plication of the pouch of Douglas has been 
widely used both alone and in combination 
with almost every other procedure from within 
the abdomen. The Graham [9] operation, an 
extension of the Moschowitz procedure, has 
proved technically difficult and has not been 
widely used. Sigmoidopexy has had a fairly 
extensive trial, particularly in conjunction with 
a variety of modifications. Finally, Pemberton 
and Stalker’s [10] procedure of rectal suspension 
fixation has produced, in their hands, the best 
results of any large series. 

Table 1 analyzes the results of the four largest 
series reported in the current literature. They 
are from St. Mark’s Hospital [3], Massachusetts 
General Hospital [11], the Lahey Clinic [12] and 
the Mayo Clinic [2], and represent a total of 
480 operations for rectal prolapse. Many proce- 
dures were used, but only four in significant 
numbers for analysis: the Moschowitz proce- 
dure, of which there are sixty-seven cases with 
thirty-five recurrences; sigmoidopexy with or 
without repair of the pouch of Douglas, forty- 
five cases with twenty recurrences; Pemberton 
procedure, fifty-six cases with only five recur- 
rences; rectosigmoidectomy, 169 cases with 
ninety-two recurrences. In this latter group, 
of 150 cases from St. Mark’s Hospital are forty- 
three patients who had not had recurrence, of 
whom twenty-one were incontinent in varying 
degrees. In four patients strictures developed. 
The total experience of 337 cases shows a com- 
bined recurrence rate of 152 cases, or 45 per 
cent. 


Complete Rectal Prolapse 


A ten-year survey of the cases of complete 
rectal prolapse found in two small general hos- 
pitals has been made. The experience is too 
small to be of statistical significance, but serves 
well to show the great variety of procedures 
used in treating this condition. Of twenty-four 

TABLE | 


ANALYSIS OF REPORTED CASES OF FOUR LARGEST 
SERIES IN CURRENT LITERATURE 


| No. of | Re- 

Moschowitz type...........| 67 35 31 
Sigmoidopexy—with or with- | 
out repair of pouch of | 

Pemberton procedure...... . | 56 5 39 

Rectosigmoidectomy (below) | 169 g2 63 

| 337 152 | 152 


cases twelve different procedures were per- 
formed on nineteen patients. The age and sex 
ratio is similar to that found in large reported 
series. The average age was sixty-six years, 
ranging from thirty-seven years to eighty-eight 
years. Nineteen were females and five were 
males. Symptoms had been present from a few 
weeks to thirty years, the average duration 
being eleven years. Nineteen of these patients 
were operated upon. There was one hospital 
death. Seven of the aforementioned patients 
were treated by the authors. All procedures 
were done from above. There were a total of 
eight procedures on seven patients (Table 1): 
sigmoidopexy, four patients with three recur- 
rences; Mikulicz-Paul resection, one patient 
who died; Graham procedure, one case, which 
recurred; resection with repair of pouch of 
Douglas, two cases with no recurrences. 
Complications. There was one death from 
peritonitis in a Mikulicz-Paul resection. The 
peritonitis followed retraction of the distal limb 
of the colostomy as the result of attempting to 
put too much tension on the lower segment. 
There was a small fecal fistula following ante- 
rior fixation of the sigmoid loop to the abdomi- 
nal wall. This was closed without difficulty. 
Postoperative obstruction of the small bowel 
developed in two patients, one week post- 
operatively in one, and six months postopera- 
tively in the other. Both these patients were 
treated successfully. We have thus had a rather 
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traumatic experience with these methods and 
far too many recurrences. The last two patients 
have been dealt with by a procedure which was 
described by Stabins [13] in 1951. It is believed 
that this method combines the good features 
of a number of other procedures and corrects 


TABLE II 
AUTHORS’ SERIES 


No. of | Re- 


Operation contin Cured | Died 
| Cases | curred 
Sigmoidopexy...... 4 3 I O 
Graham procedure. . . i I o | o 
Mikulicz-Paul resec- 
. I 8) I 
Resection with repair 
of pouch of Douglas 
and rectal fixation. . 2 ) 2 O 
8 4 3 I 


several of the anatomical defects usually pres- 
ent. This procedure entails operation from 
above on a previously prepared bowel. A left 
lower paramedian incision is made. Peritoneal 
attachments to the rectum are divided, the 
rectum mobilized deep into the pelvis as is done 
by Pemberton [70]. The rectum is held up taut, 
tacked with silk sutures to the presacral fascia, 
and an attempt is made to attach the lateral 
ligaments of the rectum to the sacral fascia. 
The peritoneal floor is then repaired, the deep 
pouch of Douglas being eliminated. The re- 
dundant rectum and the usually large sigmoid 
colon are then resected, removing enough to 
eliminate all excess bowel from the descending 
colon to upper rectum. On completion of the 
end-to-end anastomosis the colon should lie 
comfortably against the ‘posterior abdominal 
wall. 

This procedure accomplishes three things. It 
allows the mobilized rectum to be held and 
sutured up into its normal position along the 
curve of the sacrum. Healing and fibrosis will 
then tend to retain it permanently in this posi- 
tion. The large hernial sac and pouch of Douglas 
may be eliminated and the peritoneum and 
fascia transversalis restored to a normal Jevel. 
Finally, the colonic resection removes the 
heavy sigmoid loop and the excess rectum, leav- 
Ing it suspended from the well attached de- 
scending colon and the phrenocolic ligament. 
The colon itself must elongate before sufficient 
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rectum is available to descend through the 
sphincter. 

This procedure does not attempt any repair 
of the defect between the levator ani muscles as 
advocated by Graham. Ideally this should be 
done. However, even Graham admits that this 
is difficult from above and the procedure is 
already one of considerable magnitude for the 
average patient with rectal prolapse. Nothing 
is done from below. Weakness of the sphincter 
is common, gross incontinence fairly rare. Plica- 
tion of the sphincter does not seem to be of 
much value. Careful attention is given both pre- 
and postoperatively to sphincter exercises under 
the care of the department of physiotherapy. 

The aforementioned procedure is very similar 
to that reported by Stabins and used by Bacon 
[14], Frykman [15] and Swinton [12] in some 
twenty-four cases. None of these have recurred. 
The numbers are too small to be of any real 
significance. This procedure appears to us to 
be based on sound principles. It is a fairly 
major operation and is therefore not applicable 
to all cases. Indeed, it is doubtful if there will 
ever be any one procedure which will be uni- 
versally used. The treatment must be adapted 
to the special requirements of each individual 
patient but, in good-risk patients, it is hoped 
that the method discussed will lead to more 
satisfactory surgical results. 


SUMMARY 


Etiological factors in complete rectal pro- 
lapse have been discussed. An analysis has been 
made of four surgical methods which have been 
reported in fairly large numbers. The recurrence 
rate in this condition is extremely high. The 
method of surgical treatment which has been 
successful in the authors’ two cases and in 
twenty-four other cases is described. 
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DISCUSSION 


Dean K. Crystat (Seattle, Wash.): It is a real 
honor to be asked to discuss Dr. Ford’s maiden 
effort before this Society; but it frightened even 
as it pleased me to discuss this subject, about which 
I know so little. Then as I looked into the matter I 
became progressively interested in rectal prolapse 
which represents a sort of a microcosm of the whole 
field of surgery. 

In the first place, one is unlikely ever to forget 
any very marked prolapse that he sees. They are 
most impressive lesions. In the second place, as the 
authors somewhat diffidently outlined, these lesions 
involve a lot in the practice of surgery and of the 
philosophy of surgery. I should like, therefore, to 
mention briefly some of my own experiences and 
what I can conclude from this paper. 

I looked in my records and learned that in twelve 
years | have seen six patients with variants of this 
lesion. Two were children. One case responded sim- 
ply to urging of the mother not to worry too much 
about bowel training; the other I treated by making 
little radial incisions in a manner familiar to most 
of you. The result has been good. 

I saw one relatively vigorous middle-aged woman 
who had a very pronounced prolapse or procidentia 
and upon whom I performed an operation very 
similar to the one described by Drs. Ford and 
Stenstrom. The results have been good over an 
interval of about six years. 

The other three patients were elderly, infirm 
people who were bad risks. Another factor is that 
they all happened to come from ‘the small town 
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where I grew up near Seattle, and they all are con- 
temporaries and good friends of my own parents. 
In all three of these cases I have been conservative. 
I believe I have helped teach the patients how to 
endure their difficulties. They seemed to me to 
have done reasonably well. I know they have been 
less than satisfied, but I have believed that I saved 
them and myself from the troubles of complicated, 
difficult surgery when the patients were poorly able 
to tolerate it. I assume that there is a lesson here 
which all of us might apply to our patients on many 
occasions perhaps. 

I believe, however, that as Drs. Ford and 
Stenstrom have pointed out, rectal prolapse is an 
uncommon but not a rare condition. It brings up 
the frustration which will frequently face us as sur- 
geons. The patients for whom we should like to do 
most are those in whom it is most unsafe to make 
radical attempts. 

I therefore commend the authors on their paper, 
and add once more that I am pleased to have had 
the opportunity to discuss it. 

Wituiam L. Rocers (San Francisco, Calif.): I 
want to compliment Dr. Ford on his excellent 
review of a very distressing subject. 

I was privileged in the late 20’s to spend some 
time with Professor Sudeck in Hamburg. Because 
of the difficulty in that particular clinic with this 
abnormal state he had devised a very formidable 
intra-abdominal procedure which in his hands he 
believed was quite satisfactory in the serious case. 
The procedure included mobilization of the rectum 
with suspension of the rectum at the sacral promen- 
tory and reconstruction of the pelvic floor. 

When I returned home I discussed this subject 
with my associate, Dr. Eloesser, who believed that 
the necessity of a major reconstructive procedure 
was ordinarily not required, and recommended 
very strongly, as cases presented, that the rela- 
tively minor procedure previously described by 
Thiersch be attempted. Very briefly, this is carried 
out by means of a small anterior and posterior in- 
cision with the introduction of a heavy silver wire 
circumventing the anus and being placed outside 
of the sphincter muscle. The wire is cinched and 
tied around an assistant’s index finger inserted into 
the rectum; twisted ends are then cut and buried 
and the two skin incisions closed with one or two 
sutures. Occasionally we have used a kangaroo 
suture but I believe the heavy malleable silver wire 
is preferable. 

In our hands, in infants, adults and the advanced 
age group, this procedure has proved very satisfac- 
tory. While it may be considered somewhat un- 
scientific in its approach, it has been most effective 
in a large percentage of our patients suffering from 
complete rectal prolapse. 

Murray L. JoHNsoN (Tacoma, Wash.): In my 
experience I have two cases of rectal prolapse that 
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stand out. The first case I think illustrates that 
these lesions are not quite as innocuous as they 
may seem. 

During my residency training in Baltimore, we 
had an elderly woman from a rest home who was 
brought into our emergency room with complete 
evisceration of her small intestine through a rup- 
ture of a rectal prolapse. We replaced it but she 
died peacefully in four or five days without showing 
much resistance to the process. So prolapse of the 
rectum is not as harmless as it would seem to be. 

This is, however, a rare occurrence. In our 
searching of the literature at that time and report- 
ing it there were, | believe, only four or five such 
reported cases. 

Recently we had occasion to see a relatively 
young woman about thirty years of age. She had 
had one child, which | do not believe was related to 
the condition, and she had a typical massive rectal 
prolapse. 

In her case it was interesting that she had had 
three prior operations for the symptoms, for- 
tunately not by me, although looking back again 
I would not say the incipient symptoms could have 
been recognized. She had had an abdominal uterine 
suspension for the symptoms of her rectal prolapse 
before it had protruded from the anus. She had had 
a perineal repair. Again, the symptoms were those 
of incipient rectal prolapse. 

She had had, finally, a protrusion, and had under- 


gone an amputation procedure with plication of 


the rectum from below. 


Having read of the relatively simple procedure of 


suspension of the lower bowel to the psoas minor 
tendon, I decided I would cure the condition very 
easily so I performed the abdominal operation. 
I sutured the rectosigmoid to the psoas minor 
tendon and I thought, “I have cured the patient.” 
I would like to report that I did, but in about three 
months she was back with a very evident recurrent 
rectal prolapse. 

Fortunately I was able to reoperate upon her. 
She did not go to another surgeon this time and 
I had the opportunity of seeing just what this type 
of suspension does. Actually the suspension was 
intact. It was tight to the tendon of the psoas minor, 
and I believe if I had mobilized the lower portion 
that she would not have had a recurrence. 

What had happened, with her previous surgery 
she had had a plication and bunching of the rectum 
below the pelvic floor, which I had not explored, so 
it was the redundancy below the pelvic floor that 
had prolapsed. 

On the final operation by going down as low as 
I could, as one would for an abdominoperineal 
resection, and bringing that segment up and re- 
attaching it to the tendon of the psoas minor, I was 
able to produce a satisfactory result. I believe the 
patient is cured now, but of course time will tell. 
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Wa ter D. Birnsaum (San Francisco, Calif.): 
This is a subject in which I have been interested 
for some time, and so I have listened with particu- 
lar interest to Drs. Ford and Stenstrom’s excellent 
paper. Over this period of time I have seen used a 
variety of methods in the surgical correction of this 
condition. As the cliché has it, their variability is 
mute testimony to the inefficacy of any one. 

The lesion described by Dr. Ford is true proci- 
dentia, an entity which cannot be regarded lightly 
and which is often confused with simple rectal 
mucosal prolapse. From this it must be differenti- 
ated since it is etiologically not the same, has quite 
different clinical manifestations and certainly re- 
quires a much more formidable surgical attack. 

As the years have gone by we have found that 
our major success has been with the use of a com- 
bination of various procedures which have been 
individually proposed. So to speak, we “‘throw the 
book at them.” The procedure we now employ is a 
combined abdominoperineal approach. Proctosig- 
moidectomy is effected from below. This not only 
includes resection of the intussusception (that is, 
the rectal portion of the intussusception) but also 
requires actually entering the peritoneal cavity 
from below and delivery of the sigmoid colon so 
that this segment is taut from the fixed portion 
of the descending colon in the left lower lumbar 
gutter down to the point of anastomosis with the 
lower segment of the resected intussuscipiens. Then 
closure of the diastasis of the levators from below, 
suggested by Evarts Graham, is performed after 
high ligation of the hernial sac. Then through the 
abdomen the rectum is freed posteriorly, which 
I believe was originally proposed by Dixon, and it is 
replaced there to adhere. The Moschowitz opera- 
tion of closure of the cul-de-sac is performed and, 


‘finally, fixation of the sigmoid colon to the psoas at 
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the point where it had been exposed when the lateral 
parietal peritoneum was incised in the process of 
freeing the rectum. 

When all these procedures are performed, the 
recurrence rate is minimized. Our recent experience 
when this method was followed, dating over per- 
haps the last eight or ten years, has been most 
favorable. We have had several infants with major 
procidentias, some with other anomalies and some 
of whom, as a matter of fact, had procidentias 
which were almost as big as the infant itself. 

In children simple resection of the segment and 
reanastomosis may be all that is required. The 
abdominal part may not be necessary. 

Davip Metueny (Seattle, Wash.): I just want 
to say that I saw one case which differed from these 
others in that the sphincter was still tight and | 
found it very difficult to reduce. I also found that 
the cause was malignant disease further up in the 
colon apparently causing peristaltic waves and 
prolapse. 


The Treatment of Congenital Malformations 
of the Anus and Rectum 


MILLARD S. ROSENBLATT, M.D. AND RussELL G. GusTAvson, M.D., Portland, Oregon 


ANY improvements in the treatment of the 
M imperforate anus have occurred since the 
600’s A.D. when Paul of Aegina first advocated 
the blind plunging of a knife into the perineum. 
Unfortunately, some infants are still receiving 
this type of treatment. In 1835 Amussat de- 


TABLE 1 


] 


Type of Fistula | No. of Cases 


Rectourethral fistula.................. 3 
Rectovesical fistula................... I 
Rectoperineal fistula.................. 11 
Rectovaginal fistula.................. 


scribed perineal anoplasty. MacLeod in 1880 
is credited with performing the combined 
abdominoperineal pull-through operation in 
patients in whom perineal exploration had 
failed. In 1948 Rhoads, Pipes and Randall [3] 
reported two cases of imperforate anus success- 
fully treated by the one-stage combined ab- 
dominoperineal approach. Norris, Brophy and 
Brayton [7] in 1949 gave a preliminary report 
on the one-stage abdominoperineal operation. 
In 1954 Potts, Riker and DeBoer [4] stressed 
the importance of working through the dilated 
sphincter fibers, both in the combined ab- 
dominoperineal operation and in the operation 
for rectovaginal or rectoperineal fistulas. They 
give credit to Ortiz [5] for suggesting two 
perineal incisions, as will be described later. 

In 1946 one of us (M. S. R.) reviewed the 
cases of malformation of the anus and rectum 
seen at Doernbecher Hospital in Portland, 
Oregon, for a ten-year period [6]. Since that 
time some of the aforementioned i improvements 
in treatment have been of sufficient importance 
to encourage us to review our later cases. The 


present study is based on the forty-three pa- 
tients seen at Doernbecher Hospital between 
January, 1948 and November, 1957. These 
patients have been attended in part by three 
other members of this Association, in addition 
to us, namely, Drs. McKirdie, Zeller and Nadal. 


TABLE I 


No. of Cases 


Anomaly Present 


Tracheoesophageal fistula............. 


Extrophy of the bladder.............. 


In this series there were twenty-four males 
and nineteen females. All but seven belonged 
in the Ladd type 11 group. Twenty-three of 
the forty-three cases (53 per cent) had asso- 
ciated fistulas. (Table 1.) 

In Table 11 are listed the anomalies that were 
present in seventeen of the forty-three cases 
(39 per cent). 

The over-all mortality in these infants is high, 
ranging from 26 per cent to 44 per cent in 
reported series and 34 per cent in this group. 

Review of the deaths in this group showed 
that four deaths occurred in patients who 
entered the hospital in a moribund condition 
after unsuccessful operations elsewhere, four 
patients died as a result of associated con- 
genital anomalies, and one died before operation 
from an Eschericia coli septicemia from 
omphalitis. 
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Fic. 1. Two transverse incisions used in repair of rectovaginal fistula. Insert 


shows dilatation of sphincter. 


Thirty-four of the forty-three patients under- 
went surgery, with one postoperative death. 
This was due to pulmonary edema which fol- 
lowed fluid mismanagement in the treatment 
of intractable diarrhea. 

Ordinarily the diagnosis of this anomaly is 
easy when simple inspection of the baby is 
performed. The delay in diagnosis occurs when: 
(1) the baby is not examined; (2) a rectovaginal 
fistula is present and meconium is passed; and 
(3) there is atresia of the rectum but a blind 
rectal pouch is present (Ladd type tv). 

Delay in diagnosis may cause serious con- 
sequences and, of course, increase the mortal- 
ity. In cases in which the diagnosis is delayed, 
the clinical picture presented by these infants 
is that of a low, large bowel obstruction with 
progressive abdominal distention and vomiting. 
When the diagnosis is made there are certain 
facts one wishes to know before planning the 
type of surgery: (1) Is there a connection of 
the bowel with the bladder or urethra? If not, 
the urine will be free of meconium, grossly 
clear, and will show no epithelial cells micro- 
scopically. If meconium is present in the urine, 
rectovesical and rectourethral fistulas can be 
differentiated by catheterization and/or by 
using diodrast® x-ray study. (2) Are there other 
associated congenital abnormalities present? 


If so, do they take precedence? (3) How far is 
the end of the bowel from the perineum? 
Perineal fistulas in males usually appear in the 
medium raphe or at the base of the scrotum, 
and in females at or near the posterior fourchet. 

In our series we have not had any recto- 
ureteral fistulas, and none of our female pa- 
tients have had rectourethral or rectovesical 
fistulas. The female patients in this series, as in 
our previous one, had a high incidence of 
rectovaginal fistulas. 

Surgery should be performed as soon as pos- 
sible after birth. If there is a rectovaginal 
fistula or perineal fistula with sufficient opening 
to allow temporary decompression of the bowel, 
surgery may be delayed if necessary. The pa- 
tients with a urinary tract connection, such 
as a rectovesical fistula, should be operated 
upon as soon as possible. Delay in such cases 
assumes the risk of severe urinary tract infec- 
tions. Patients with obstruction in whom treat- 
ment is delayed run the risk of perforation and 
peritonitis. All cases should have a polyethylene 
cut-down in place and a catheter in the bladder; 
the operative field should be prepared and 
draped for simultaneous abdominal and peri- 
neal operative work. The plan of operative 
procedure that should be performed depends 
on the circumstances of the case. 
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Fic. 2. Dissection of fistula. 


Unless there is a rectovesical, rectourethral 
or rectoureteral fistula, an attempt at repair by 
the perineal route should be made in all pa- 
tients. With the aid of the Wangensteen-Rice 
maneuver by x-ray, a good idea is obtained of 
the distance between bowel and perineum. If 
this distance is within 2 cm., success may be 
possible by the perineal route alone. Perineal 
dissection should not be persisted in unduly if 
not readily successful. An abdominoperineal 
approach may then be made if the baby’s con- 
dition permits; if not, colostomy may be per- 
formed and the rectum brought down to the 
perineum at a later time. For all rectovesical, 
rectourethral and rectoureteral fistulas, com- 
bined abdominoperineal operation is performed 
at once. The following technic has been 
employed: 

A small perineal incision is made at the anal 
dimple. (Contraction of sphincter fibers may be 
induced by stimulation of the skin of the area 
and the exact point for the incision thus demon- 
strated.) The sphincter fibers, if present, are 
dilated. A left lower rectus muscle-retracting 
incision is then made. When the abdomen is 
opened the sigmoid is identified, and the dis- 
tended pouch is aspirated and kept from refill- 
ing by a gentle clamp. The bowel is then dis- 
sected from its lateral peritoneal attachments 
as well as from its posterior ones. The fistula 


is disconnected (most frequently from the base 
of the bladder). The bladder portion is closed 
bit by bit as the fistula is separated. In the 
rectourethral fistula, the separation may be 
performed by a combined perineal and ab- 
dominal maneuver. The bowel is then brought 
down through the pelvis, to and through the 
previously made perineal opening. Care is 
taken to make the pelvic dissection as atrau- 
matic® as possible in order to prevent damage 
to the nerves of bladder and rectal control. 

As already stated, the rectovaginal fistula is 
the most common type in our experience and, 
as a rule, operation from below is sufficient. A 
transverse incision is made just below the 
fourchet, the fistula is circumscribed and the 
vagina is closed. Another incision is made in the 
region of the anal dimple and the external 
sphincter dilated with a hemostat. Potts, Riker 
and DeBoer were the first to publish the use of 
the two perineal incisions, and they give credit 
to Ortiz for originating the idea. They made the 
second incision longitudinally. We have found 
that making both incisions transversely makes 
it easier to keep an intact perineal body, and 
allows the newly made rectal outlet to heal 
well away from the vagina. (Figs. 1 and 2.) 
The rectum is freed by dissection through the 
anterior transverse incision and is then brought 
down posteriorly through the lower trans- 
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Fic. 4. Fistula closed and rectum being brought down posteriorly. 


verse incision and sutured accurately, mucous 
membrane to skin, without tension. (Figs. 3 
to 5.) 

Some of the problems that have arisen have 
been: (1) Eversion of the mucous membrane at 
the anus. In one case, resection of the prolapsed 
tissue was necessary. (2) Stenosis may result 


if faithful periodic dilations of the anus are 
not performed for an adequate period of time. 
(3) Difficulty with rectal control has resulted 
in cases in which the sphincter fibers could not 
be found. (4) Difficulty with urinary control 
has been noted in one instance. This was in a 
case of rectourethral fistula in a male. 
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Fic. 5. Suture of anus to posterior wound and closure of second transverse in- 


cision and fistula opening. 


SUMMARY 


A small series of cases of congenital mal- 
formations of the anus and rectum are pre- 
sented with observations thereon. 

The perineal approach may be used if the 
bowel is close to the perineum. When there is 
an associated rectovesical, rectourethral or 
rectoureteral fistula, or when the bowel Is not 
close to the perineum, the combined one-stage 
abdominoperineal operation is indicated. 

In rectovaginal fistulas and in some cases of 
rectoperineal fistulas, a two-incision perineal 
approach, credited to Ortiz, is used. A slight 
modification in the technic of the latter has 
been suggested. 

Colostomy alone is seldom necessary. 
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DISCUSSION 


Donatp Brayton (Los Angeles, Calif.): Some 
further details regarding the history of the treat- 
ment of imperforate anus may be of interest. The 
abdominoperineal operation was, as stated, first 
advocated by McLeod in 1880, followed by 
Delangeniere, a French surgeon, in 1894. One case 
of a type Iv imperforate anus so treated is listed in 
the tabular statistics from Boston Children’s Hos- 
pital in the 1941 edition of ‘‘ Abdominal Surgery of 
Infancy and Childhood,” by Drs. William E. Ladd 
and Robert E. Gross. The case is listed as a death 
and there is no comment upon it in the text. In 
August, 1943, Dr. William J. Norris, a Past Presi- 
dent of this Society, performed the abdomino- 
perineal operation upon a female infant with a 
type 11 anomaly and a high rectovaginal fistula. 
This patient has had an excellent result and is 
living and well today at the age of fifteen years. In 
August, 1944, Dr. Jonathan Rhoads performed 
the operation at the University of Pennsylvania 
Hospital in Philadelphia on a male infant with a 
type 111 anomaly. In February, 1949, Dr. Norris 
presented the cases of imperforate anus treated 
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up to that time at Los Angeles Children’s Hospital 
(including four cases having the abdominoperineal 
operation) before the Pacific Coast Surgical Asso- 
ciation meeting in San Francisco. This material, 
with additions, was later published in May, 1949. 
Meanwhile, Dr. Rhoads and his co-workers had 
published a report of two patients upon whom this 
operation had been performed in March, 1948. 
Here, then, is an example of two American sur- 
geons, far removed from each other and without 
contact, producing the same result at about the 
same time. 

The problems of the treatment of the anomaly of 
imperforate anus had been so difficult, and the 
results of treatment generally so unpredictable, 
that the abdominal perineal operation was en- 
thusiastically received by surgeons all over the 
world in the hope that it would be a sure method 
of therapy, capable of producing uniformly good 
results. Unfortunately, this has not been the case. 
However, when used under proper indications and 
performed correctly, the operation has added 
considerably to the attainment of a progressively 
greater percentage of successful results in the 
treatment of this formidable anomaly. 

The anomaly is a complex one in that it can be 
present in four different forms or types, and in two 
of these types a fistula can be present which can be 
located in four different positions. The type 111 
imperforate anus is by far the most common and 
my further remarks will be confined entirely to this 
category. 

A recent study at Los Angeles Children’s Hos- 
pital revealed that ninety-three patients with im- 
perforate anus were treated between January 1, 
1948 and December 31, 1955. Seventy-four of these 
patients were born with a type 111 anomaly (forty- 
four males and thirty females). It was of great 
interest to note that 100 per cent of the females 
had a fistula. Of the thirteen male patients who 
were recorded as not having a fistula, eight were so 
treated that the accurate diagnosis of the presence 
of a fistula could not be made. (Two died without 
treatment or autopsy, one had sigmoid colostomy 
as the only treatment, and four had the perineal 
operation described by the authors.) Six of these 
thirteen male infants had the abdominoperineal 
operation and thus could be proved not to have a 
fistula. We have concluded, therefore, from this 
and from our previous case series, that the in- 
cidence of an actual or potential fistula in type 111 
imperforate anus approaches 100 per cent in both 
sexes. 

Further study of our fistulas revealed that of 
sixty-one proved fistulas in seventy-three cases of 
the type 111 anomaly, there was clinical evidence of 
the fistula preoperatively in only thirty-five cases 
(twenty-six females and nine males). This gives an 
accuracy of clinical diagnosis of fistula of 86.6 per 
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cent in females, and the amazingly low figure of 
20.4 per cent in males. The difference between 
sexes is due, of course, to the fact that the majority 
of fistulas seen in this condition in females are 
visible since they open to the exterior at or near 
the posterior fourchet of the vagina. Because of 
this low accuracy of the clinical diagnosis of fistula, 
we have concluded that when there is no external 
evidence of fistula in males or females with a type 
111 anomaly, nevertheless a highly placed actual or 
potential fistula is very likely present. The opera- 
tive treatment should, therefore, be designed to 
obliterate high rectovaginal fistula in the female 
or a rectourinary fistula in the male. For this reason 
we believe that the abdominoperineal procedure is 
the operation of choice in all cases of type 111 im- 
perforate anus, male and female, having no clinical 
evidence of fistula. 

In general, as Drs. Rosenblatt and Gustavson 
have indicated, successful treatment of type m 
imperforate anus rests mainly upon the correct 
selection of the primary definitive surgical proce- 
dure since it is well known that secondary opera- 
tions involving the perineum are progressively less 
likely to produce an acceptable result. In males of 
this type, our studies reveal that better results have 
been obtained by the use of the abdominoperineal 
procedure as the primary operation than by use of 
the perineal procedure primarily. The one exception 
to this may be the rarely seen case of a type tI 
male with a narrow rectoperineal fistula. 

We believe our best results in females with a 
type 111 imperforate anus and a rectovaginal fistula 
appear to be obtainable by use of the abdomino- 
perineal procedure. In type 11 females with a 
rectofourchet or rectoperineal fistula, our best re- 
sults have been obtained by doing nothing, or by 
gently dilating the fistula during the early months 
of life. A normally functioning fourchet fistula ap- 
pears to be reasonably compatible with all phases 
of life although pregnancy in such cases should 
probably be managed by cesarean section to pre- 
vent fourth degree laceration. However, there are 
still many who believe that in early life the normal 
position of the anus may best be established by the 
abdominoperineal operation. Many years of fol- 
low-up may eventually settle this point. 

Dr. J. Norton Nichols, a member of this Society, 
has successfully performed perineorrhaphy on girls 
over ten years of age with a rectofourchet fistula 
who tend toward repeated urinary infections in 
spite of having adequate control of evacuation. 
This procedure builds up the perineal body and 
interposes a small section of skin between the 
anterior margin of the fistula and the posterior 
vaginal mucous membrane. The posterior aspect 
of the fistula remains undisturbed in its original 
position and evacuation control is preserved. Per- 
haps this will eventually prove to be the method of 
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choice in treating such fistulas. With type 111 fe- 
males having a fourchet or rectoperineal fistula too 
narrow to pass feces adequately, the more com- 
monly described perineal operations have given 
the best results. Many variations of this procedure 
have been used in our series. The authors’ sugges- 
tion for modification of Potts’ two-incisional opera- 
tion appears to have considerable merit. 

Since none of the operative indications for each 
of the six subdivisions of type 111 imperforate anus 
are based upon the distance between the rectal 
pouch and the perineal skin, we are of the opinion 
that the newborn infant should be spared the ex- 
hausting experience of having x-ray films of the 
abdomen taken in the “upside down” position. 

Since the primary definitive operation is of such 
great importance in the ultimate result produced 
in obstructed patients with type m1 imperforate 
anus, we believe that by the use of preoperative 
nasogastric suction the majority of these cases can 
be converted from an emergency to a semielective 
status. A “hold over”’ of between eight to eighteen 
hours to obtain the optimum operating conditions 
for the surgeon and ancillary personnel has ap- 
peared reasonable in the management of this dis- 
ease; the time elapsed preoperatively should cer- 
tainly be kept to the minimum required to obtain 
such conditions. 

I should like to thank Drs. Rosenblatt and 
Gustavson for the opportunity to enter into the 
discussion of this fascinating and complex anomaly. 

WERNER E, ZELLER (Portland, Ore.): I would 
like to compliment Drs. Rosenblatt and Gustavson 
on their very nice paper. Some of these cases hap- 
pened to be mine, as they mentioned, and I would 
like to take issue with the discussor who advocates 
such a radical procedure for most of these cases. 

I have never believed that this was an emergency 
procedure, particularly in a type 1 anomaly. I do 
not think Dr. Rhoads and some others have be- 
lieved it is such an emergency either, because a lot 
of these babies can go for two or three or four days 
without becoming very distended. In fact, Dr. 
Rhoads suggests that when the rectal pouch is 
rather high they should be fed just routinely, to 
produce slight distention, in an effort to push the 
gas bubble down a little further and the rectum a 
little lower. Whether or not that happens I do not 
know. 

There is one position I like a little better than 
the upside down position for determining the dis- 
tance between the anal sphincter (which is always 
there) and the rectal pouch, and that is the position 
of Rhoads, in which the child is on the side with 
the thighs flexed acutely on the abdomen. A lateral 
picture is then taken with a marker at the rectal 
sphincter. 

A good many of these cases of imperforate anus 
can be reached from below without much difficulty. 
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I would like to cite three of our cases which ended 
rather disastrously, all of which were badly man- 
aged before they were admitted to us. 

One child was four years old before the diagnosis 
was made, which is absolutely inexcusable. When 
the diagnosis was made the surgeon rushed the 
child to the hospital, made a large transverse in- 
cision, went through all of the sphincter mechanism, 
started with a hemostat to try to dissect upward, 
ran into the bladder, and produced a fistula be- 
tween the rectal pouch and the bladder. He sud- 
denly put the child on a plane and rushed it to 
Doernbecher Hospital. The child was admitted to 
the hospital eighteen hours later in considerable 
shock. We performed colostomy to divert the 
stream, but the child lived only about twelve hours. 

On subsequent examination the rectal pouch was 
noted within 1 cm. of the skin and could have been 
seen easily if the first surgeon had just looked for 
it instead of blindly digging in with a hemostat. 

The second patient was admitted within a week 
from another town. The child was two days old 
before the diagnosis was made. The attending 
physician had upended the child and had started 
to probe the perineum with a syringe and large 
needle. 

The abdomen suddenly became distended, the 
child went into shock and was rushed to the hos- 
pital with a huge pneumoperitoneum. About 140 cc. 
of air had to be removed from the abdomen before 
we could take the child out of the admitting room. 
A large rent about 144 inches long had been made 
in the rectosigmoid junction and all of the me- 
conium was in the peritoneum. Despite our efforts 
to divert the stream here, the child lived only about 
twelve hours. Again the pouch was located only 
1 cm. from the skin. 

The third child was premature and the diag- 
nosis was made on the first day. Again the child 
was rushed into surgery, an incision was made, 
a catheter was forced into the opening made 
by the knife, and some barium was inserted. I do 
not know what the surgeon was looking for, but 
that was what was done. This child barely made 
it to our hospital and died before we could operate. 

We can learn a lot from others’ mistakes. | think 
the most important thing we can learn from these 
cases is that they are not emergencies. We do not 
have to rush in order to get these children to sur- 
gery. Also I do not believe nasal suction is necessary. 

There is one point which I would like to bring 
out. Within the first week of life, the anesthesia 
required is minimal. A drop of novocain® into the 
skin and a sugar teat to suck on usually suffices if 
all the work can be done from below. 

Wicwiam J. Norris (Los Angeles, Calif.): At the 
Los Angeles Children’s Hospital, in each successive 
study of these cases, we have been surprised to 
learn that more and more fistulas occur in the 
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type 111 anomaly, even though the preoperative 
diagnosis of a fistula being present remains approxi- 
mately the same. Sometimes a rectourinary fistula 
may be difficult to recognize even at laparotomy. 

To illustrate this, we saw a child, operated upon 
by the abdominoperineal method, in whom a 
urinary-perineal fistula developed in the immediate 
postoperative period. Neither the consulting urolo- 
gist nor the surgeon could determine whether the 
operation had caused the fistula or whether it had 
been in existence previously. 

For that reason, during this procedure, if the 
rectal pouch is adherent to the anterior structures, 
we always treat it as a potential or actual fistula. 
It has not been our experience that these fistulas 
have to be cut down gradually. If they are dis- 
sected carefully, you can put a ligature around 
any of these fistulas. Up to the present time we 
have had none of these ligatures open. 

Another illustrative case which should carry a 
word of caution to the perineal proctoplasty advo- 
cates is that of a seven year old boy who was ad- 
mitted to the Children’s Hospital with a history 
that in his early infancy he had undergone perineal 
proctoplasty in that famous institution called 
“elsewhere.” Six months prior to admission, 
apropos of nothing, a rectourinary fistula developed. 
Undoubtedly this child had carried that potential 
fistula up to the age of six and a half years before 
it finally broke through and caused his entry to 
the hospital for its repair. 

If a fourchet fistula or even a low vaginal fistula 
is decompressing the bowel adequately, we believe 
that nothing should be done until the child is 
older; there are even those who advocate doing 
nothing throughout life. We have chosen to operate 
through the abdominoperineal approach upon all 
children with a rectovaginal fistula after they have 
lived up to three and a half to seven and a half 
years of age. The abdominoperineal approach is 
used if 180 degrees, or more than half of the opening 
of the fistula, is in the vagina. We have learned 
that if we try to pull these fistulas down, the seg- 
ment associated with the fistula does not have a 
good smooth muscle coat like the rectum itself. 
There is, therefore, a tendency toward the develop- 
ment of a fibrous stricture which will be about 
44 inch long at the newly formed anus. We have 
had a great deal of trouble with that type of 
case. 

In general, I would like to conclude by saying 
that if we admit that the perineum in the human 
infant does not lend itself well to dissection and 
that the abdominoperineal approach traumatizes 
the perineum the least, and if we further admit, as 
it is being proved more and more, that almost 100 
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per cent of these type 111 cases have a fistula, then 
it seems probable that the abdominoperineal ap. 
proach is indicated in most cases of this type. 

SIEGFRIED F. HERRMANN (Tacoma, Wash.): | 
would like to cite one experience I had not so long 
ago which tends to prove that a rectourethral 
fistula is not an immediate emergency. 

I have had trouble with cases of imperforate 
anus, as well as success; I am not discussing that, 
However, there was a sixty-six year old man who 
had a hernia which I was to repair. This man told 
me that all his life there had been episodes when 
he would pass feces and flatus through his penis, 
Evidently he had had a congenital connection be- 
tween his rectum and urethra. The urine at those 
times would be very cloudy. I got such a specimen 
and noted it contained little particles of feces. 

I asked a urologist to see him to find out whether 
we ought to do anything about this, although the 
man at sixty-six years of age was in perfect health 
except for the hernia. 

The urologist determined that this probably was 
a fistula into the membranous urethra, which then 
had some reflux into the bladder. We did nothing 
about it because the man had perfectly good kid- 
neys. Studies were made; pyelograms were normal. 
We believed that if he could carry it this long he 
could carry it a little longer. 

Unfortunately carcinoma subsequently devel- 
oped apparently from this fistulous structure. It 
was neither a prostatic carcinoma nor a rectal 
carcinoma, but an adenocarcinoma which sec- 
ondarily invaded the bladder and_ eventually 
caused death. 

Perhaps his anomaly should have been repaired, 
but the patient had carried it all his life. | thinka 
baby can tolerate a urinary fistula for a few days, at 
least, before an emergency procedure is performed. 

Puitip R. Westpaut (San Francisco, Calif.): | 
hesitate to prolong this discussion, but I cannot 
help but take exception to Dr. Brayton’s and 
Dr. Norris’ feeling that they do not need to take 
films of the abdomen. The reason I feel so strongly 
is because not long ago at the San Francisco County 
Hospital we had a case of imperforate anus in 
which the taking of abdominal films was delayed 
overnight, in the hope that by that time some air 
would be down to the rectum so we could determine 
the distance between the rectum and the skin. 
There was no dimple whatsoever. 

The film revealed a complete atresia of the duo- 
denum which obviously took preference over the 
imperforate anus. Side-to-side anastomosis and 
colostomy were performed at the same time. Un- 
fortunately the infant had multiple other anomalies 
and died of a cardiac anomaly. 


